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disclosed in that application, and in and to any and all Letters Patents to be granted and issued 
therefor. U. S. Patent No. 5,385,732 was granted on the invention disclosed in application 
07/480,691. 

Genentech, Inc. hereby applies, pursuant to 35 U.S.C. § 156 (d) (1) and 37 C.F.R. § 
1.740, for extension of the term of the above-identified U. S. Patent No. 5,385,732 issued on 
January 31, 1995, and based on U. S. Application Serial No. 08/035,427 filed on March 22, 
1993. 

U. S. Application Serial No. 08/035,427 is a continuation of U. S. Application Serial No. 
07/824,740 filed on January 21, 1992 (now U. S. Patent No. 5,270,198); which is a continuation 
of U. S. Application Serial No. 07/480,691 filed on February 15, 1990 (now abandoned); which 
is a continuation-in-part of U. S. Application Serial No. 07/196,909 filed on May 20, 1988 (now 
abandoned). 

U. S. Patent No. 5,385,732 results from an application filed before the date that is 6 
months after the date of the enactment of the Uruguay Round Agreements Act (December 8, 
1994), accordingly, its date of expiration under 35 U.S.C. § 154 (c) (1) is January 31, 2012 , the 
greater of the 20-year term from the effective date (May 20, 2008 or February 15, 2010), or 17 
years from grant (January 31, 2012). 

The patent term extension is requested until June 2, 2014 , fourteen years from the date of 
FDA regulatory approval, i.e. for a period of 853 days, or such greater or lesser period as the 
Commissioner may deem Genentech, Inc. to be entitled. This is the maximum permitted 
extension provided in 35 U.S.C. § 156. The regulatory review period (reduced by one-half of the 
IND period) is greater than 853 days, based on the filing of Genentech, Inc.'s CMC section 
approval of the approved Biological License Application (BLA). 

This application for patent term extension is based on the regulatory approval of 
TNKase™. The sole active ingredient in TNKase™ is tenecteplase, T103N, Nl 17Q, KHRR296- 
299(AAAA) t-PA. Tenecteplase is a 527 amino acids long glycoprotein developed by 
introducing the following modifications into the amino acid sequence of native human t-PA: 

(a) at amino acid position 103 the amino acid threonine (T/Thr) is substituted with 
the amino acid asparagine (N/Asn); 
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(b) at amino acid position 1 17 the amino acid asparagine (N/Asn) is substituted with 
the amino acid glutamine (Q/Gln); 

(c) at amino acid position 296 the amino acid lysine (K/Lys) is substituted with the 
amino acid alanine (A/ Ala); 

(d) at amino acid position 297 the amino acid histidine (H/His) is substituted with the 
amino acid alanine (A/ Ala); 

(e) at amino acid position 298 the amino acid arginine (R/Arg) is substituted with the 
amino acid alanine (A/Ala); and 

(f) at amino acid position 299 the amino acid arginine (R/Arg) is substituted with the 
amino acid alanine (A/Ala), 

where the amino acids are identified by both their single-letter and three-letter codes. 

Tenecteplase is produced by recombinant DNA technology using an established 
mammalian cell line (Chinese Hamster Ovary, CHO cells), which produces tenecteplase in a 
glycosylated form. Tenecteplase has N-linked glycosylation attached to the asparagine (N/Asp) 
at amino acid position 103, and lacks glycosylation at amino acid position 1 17 as a result of the 
substitution of glutamine (Q/Gln) for asparagine (N/Asp) in the glycosylation signal at that 
position of native human human t-PA. 

The active ingredient in TNKase™ is claimed in U. S. Patent No. 5,385,732, as well as 
compositions comprising same, and methods of treatment comprising such compositions. 

The date of the Biological License Application (BLA) Approval of TNKase™ is June 2, 
2000 . This is the first permitted commercial marketing or use of this active ingredient as a 
human drug product. This application is accordingly being made within the 60-day statutory 
period provided in 35 U.S.C. § 156(d). 

In accordance with 37 C.F.R. § 1.740, Genentech, Inc. provides the following 
information: 

(1) A complete identification of the approved product as by appropriate chemical 
and generic name, physical structure or characteristics. 
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Genentech, Inc. submits herewith as Exhibit B to this application the prescribing 
information for TNKase™ as approved by the U. S. Food and Drug Administration (FDA). In 
the "Description" section, the prescribing information includes a description of the chemical 
structure of the active ingredient (generic name: tenecteplase) in TNKase™ . Tenecteplase is 
described as a 527 amino acid glycoprotein developed by introducing the following 
modifications in the amino acid sequence of natural human t-PA via modifications to the 
encoding complementary DNA (cDNA): a substitution of threonine 103 with asparagine, and a 
substitution of asparagine 117 with glutamine, both within the kringle 1 domain, and a tetra- 
alanine substitution at amino acids 296-299 in the protease domain. Accordingly, tenecteplase, 
the active ingredient of TNKase™, is a glycosylated amino acid sequence variant of native 
human t-PA containing the following amino acid alterations within the native human t-PA amino 
acid sequence: 

(a) at amino acid position 103 the amino acid threonine (T/Thr) is substituted with 
the amino acid asparagine (N/Asn); 

(b) at amino acid position 1 17 the amino acid asparagine (N/Asn) is substituted with 
the amino acid glutamine (Q/Gln); 

(c) at amino acid position 296 the amino acid lysine (K/Lys) is substituted with the 
amino acid alanine (A/ Ala); 

(d) at amino acid position 297 the amino acid histidine (H/His) is substituted with the 
amino acid alanine (A/ Ala); 

(e) at amino acid position 298 the amino acid arginine (R/Arg) is substituted with the 
amino acid alanine (A/ Ala); and 

(f) at amino acid position 299 the amino acid arginine (R/Arg) is substituted with the 
amino acid alanine (A/ Ala), 

where the amino acids are identified by both their single-letter and three-letter codes. 

(2) A complete identification of the Federal statute including the applicable 
provision of law under which the regulatory review occurred. 

The approved product was subject to regulatory review under the Federal Food, Drug and 
Cosmetic Act, 21 U.S.C. § 355. 
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(3) An identification of the date on which the product received permission for 
commercial marketing or use under the provisions of law under which the 
applicable regulatory review period occurred. 

The approved product received permission for commercial marketing or use under § 505 
of the Federal Food, Drug and Cosmetic Act (21 U.S.C. § 355) on June 2, 2000. A copy of the 
approval letter received from the FDA is attached as Exhibit C. 

(4) An identification of each active ingredient in the product and as to each active 
ingredient, a statement that it has not been previously approved for 
commercial marketing or use under the Federal Food, Drug, and Cosmetic Act, 
the Public Health Service Act, or the Virus-Serum-Toxin Act, or a statement of 
when the active ingredient was approved for commercial marketing or use 
(either alone or in combination with other active ingredients), the use for which 
it was approved, and the provision of law under which it was approved. 

The active ingredient in TNKase™ is the above-described glycoprotein (tenecteplase), 
which has not been previously approved for commercial marketing or use under the Federal 
Food, Drug and Cosmetic Act, the Public Health Service Act, or the Virus-Serum-Toxin Act. 

(5) A statement that the application is being submitted within the sixty-day period 
permitted for submission pursuant to § 1. 720(f) and an identification of the date 
of the last day on which the application could be submitted. 

This application is being submitted on or before August 1, 2000, the last day of the sixty- 
day period permitted for submission pursuant to 37 C.F.R. § 1.720(f), i.e. the last day of the 
sixty-day period following the June 2, 2000 approval for commercial marketing of TNKase™, 
that is not a Saturday, Sunday, or Federal holiday, as provided in 35 U.S.C. § 156 (d) (1); 37 
C.F.R. § 1.720(f) and 37 C.F.R. § 1.7. 

(6) A complete identification of the patent for which an extension is being sought 
by the name of the inventor, the patent number, the date of issue, and the date 
of expiration. 
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This application seeks extension for U. S. Patent No. 5,385,732, issued to Stephen 
ANDERSON, Kevin M. BRADY, Bruce A. KEYT, and Leonard G. PRESTA, on January 31, 
1995. The patent will expire on January 31, 2012. 

(7) A copy of the patent for which an extension is being sought, including the 
entire specification (including claims) and drawings. 

A copy of U. S. Patent No. 5,385,732, including claims and drawings, is enclosed as 
Exhibit D. 

(8) A copy of any disclaimer, certificate of correction, receipt of maintenance fee 
payment, or reexamination certificate issued in the patent 

A copy of a Maintenance Fee Statement for the first maintenance fee payment is enclosed 
as Exhibit E. 

U. S. Patent No. 5,385,732 has not been subject to any disclaimer, certificate of 
correction, or reexamination. It is noted that a Terminal Disclaimer was mailed to the United 
States Patent and Trademark Office on November 23, 1993 during the prosecution of U. S. 
Application Serial No. 08/035,425 which issued as U.S. Patent No. 5,385,732. The Terminal 
Disclaimer disclaimed the terminal part of any patent granted on Application Serial No. 
08/035,425 that would extend beyond the expiration date of any patent granted on then co- 
pending Application Serial No. 07/894,213. However, since U.S. Patent No. 5,385,732 issued 
before the issuance of a patent on Application Serial No. 07/894,213 (U. S. Patent No. 5,512,029, 
issued on March 18, 1997) it is not subject to a Terminal Disclaimer. Indeed, U. S. Patent No. 
5,512,029 is subject to a Terminal Disclaimer over U. S. Patent No. 5,385,732, and will expire 
the same day (January 31, 2012). 

As in the course of preparing the present Request, Applicant has discovered certain minor 
errors of formal nature in the claims, a Request for Certificate of Correction under 37 C.F.R. § 
1.322 was filed on July 28, 2000. A copy of the Request for Certificate of Correction is attached 
as Exhibit F. 
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(9) A statement that the patent claims the approved product or a method of using 
or manufacturing the approved product, and a showing which lists each 

applicable patent claim and demonstrates the manner in which each applicable 
patent claim reads on the approved product or method of using or 
manufacturing the approved product 



The approved product is the active ingredient in TNKase™ . Claims 1, 2, 3, 11, 15, 16, 
17, 18, 19, 20, 21, and 24 encompass the approved product; claims 13, 22, and 25 encompass a 
composition (a product) including the approved product; claims 14, 23, and 26 encompass a 
method of using the approved product. 

The relationship between the claims of U. S. Patent No. 5,385,732 and the approved 
product (tenecteplase) and product including, and methods of using the approved product is as 
follows: 



-7- 



Patent No : U. S. 5,385,732 

Issued : January 31, 1995 



Claims of U. S. Patent No, 5,385,732 


Active Ingredient in TNKase 1 * 1 
(tenecteplase) 


Claim 1. A fibrinolytically active human 
tissue plasminogen activator (t-PA) amino acid 
sequence variant having one or more amino 
acid substitutions which provide an Asn-X-Ser 
or Asn-X-Thr tripeptidyl sequence that starts at 
an amino acid position selected from the group 
consisting of amino acid positions 57 to 61, 63 
to 69, 99, 101, 103 to 105, 106, 107, 109, 112 
and 250 of the amino acid sequence of native 
human t-PA, wherein X is any amino acid 
except proline, and having N-linked 
glycosylation attached to the Asn within such 
tripeptidyl sequence. 


Tenecteplase is a fibrinolytically active human 
t-PA amino acid sequence variant, which has 
an asparagine (Asn) substituted for threonine 
(Thr) at amino acid position 103 of the amino 
acid sequence of native human t-PA. This 
substitution results in the tripeptidyl sequence 
Asn-Trp-Ser (N-W-S) starting at a position 
corresponding to amino acid position 103 of 
the amino acid sequence of native human t-PA 
(see Figure 2 of the patent), i.e. in the Asn-X- 
Ser tripeptidyl sequence X is the amino acid 
Trp. Telecteplase is a glycoprotein produced 
in an established mammalian (CHO) cell line, 
and hence has N-linked glycosylation attached 
to the Asn at position 103. 


Claim 2. The variant of claim 1 that is 
selected from the group consisting of variants 
having (1) a serine at position 60 of the native 
t-PA, (2) an asparagine at position [sic, 67 
should be inserted] of native t-PA, (3) an 
asparagine at position 99 and a serine or 
threonine at position 101 of the native t-PA, 
(4) an asparagine at position 101 of the native 
t-PA, (5) an asparagine at position 103 of the 
native t-PA, (6) an asparagine at position 104 
of the native t-PA, (7) an asparagine at position 

105 and a serine or threonine at position 107 of 
the native t-PA, (8) an asparagine at position 

106 and a serine or threonine at position 108 of 
native t-PA, (9) an asparagine at position 107 
of the native t-PA, (10) an asparagine at 
position 109 and a serine or threonine at 
position 111 of the native t-PA, (11) an 
asparagine at position 112 of the native t-PA, 
and (12) an asparagine at position 250 of the 
native t-PA. 


Tenecteplase is a fibrinolytically active human 
t-PA amino acid sequence variant, which has 
an asparagine (Asn) at position 103 of the 
amino acid sequence of native human t-PA 
(part (5) of claim 2). 
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Claim 3. The variant of claim 2 wherein the 
variant is selected from the group consisting of 
variants having an asparagine at either amino 
acid position 67 or 103, or having an 
asparagine at amino acid position 105 and 
either a serine or threonine at amino acid 
position 107 of the native t-PA. 


Tenecteplase is a fibrinolytically active human 
t-PA amino acid sequence variant, which has 
an asparagine at amino acid position 103 of the 
native human t-PA. 


Claim 11. The variant of claim 1 wherein the 
variant has an additional alteration selected 
from the group of alterations consisting of 
alanine substituted at amino acid position(s) 
267, 283+287, 296-299, 303-304, 331-332, 
339+342, 347-349+351, 364-366, 408, 410, 
416-418, 426-427+429-430, 432+434, 440, 
445+449, 449+453, 460+462, or 477 of the 
amino acid sequence of native human t-PA, 
where "+" indicates the substitution of alanine 
only at the positions designated, and the "-" 
indicates the substitution of alanine at the 
positions designated and all positions 
therebetween. 


Tenecteplase is a fibrinolytically active human 
t-PA amino acid sequence variant which has an 
asparagine (Asn) substituted for threonine 
(Thr) at amino acid position 103 of the amino 
acid sequence of native human t-PA, and 
additionally has alanine substituted at each of 
amino acid positions 296, 297, 298, and 299, 
i.e. at amino acid positions 296 and 299 and all 
positions therebetween (designated as 296-299 
in claim 11). 


Claim 13- A composition for treating a 
vascular disease or condition comprising a 
therapeutically effective amount of the 
plasminogen activator variant of claim 1 in 
admixture with a pharmaceutically acceptable 
carrier. 


Tenecteplase is a fibrinolytically active human 
t-PA amino acid sequence variant, which has 
an asparagine (Asn) substituted for threonine 
(Thr) at amino acid position 103 of the amino 
acid sequence of native human t-PA, in which 
N-linked glycosylation is attached to the Asn at 
position 103, and is contained in a composition 
(TNKase™ ) for treating a vascular disease or 
condition (to reduce mortality associated with 
acute myocardial infarction), in a 
therapeutically effective amount. TNKase™ 
is a lyophilized powder which is reconstituted 
with Sterile Water for Injection (a 
pharmaceutically acceptable carrier) prior to 
administration. 


Claim 14. A method of treating a vascular 
disease or condition in a patient comprising 
administering the composition of claim 13 to 
the patient. 


Tenecteplase is indicated for use in the 
reduction of mortality associated with acute 
myocardial infarction, i.e. is used in a method 
of treating a vascular disease or condition in a 
patient. 
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Claim 15. A fibrinolytically active tissue 
plasminogen activator (t-PA) amino acid 
sequence variant having an asparagine at 
amino acid position 103 of the native human t- 
PA, or having an asparagine at amino acid 
position 105 and a serine or threonine at amino 
acid position 107 of the native human t-PA, as 
part of the Asn-X-Ser or Asn-X-Thr tripeptidyl 
sequence, wherein X is any amino acid except 
proline. 


Tenecteplase is a fibrinolytically active t-PA 
amino acid sequence variant having an 
asparagine at amino acid position 103 of the 
native human t-PA, as part of the Asn-X-Ser 
tripeptidyl sequence, wherein X is the amino 
acid tryptophan (Trp). 


Claim 16. The t-PA variant of claim 15 
having alanine substituted at each of amino 
acid positions 296-299 of the native human t- 
PA. 


Tenecteplase is a fibrinolytically active t-PA 
amino acid sequence variant having an 
asparagine at amino acid position 103 of the 
native human t-PA, as part of the Asn-X-Ser 
tripeptidyl sequence, wherein X is the amino 
acid tryptophan (Trp), and additionally having 
alanine substituted at each of amino acid 
positions 296-299 of the native human t-PA. 


Claim 17. The t-PA variant of claim 16 which 
additionally has at least one amino acid 
selected from the group of amino acid 
positions 117-119, 184-186, 218-220, and 448- 
450 substituted with another amino acid such 
that glycosylation cannot occur at at least one 
of amino acid positions 1 17, 184, 218, or 448. 


Tenecteplase is a fibrinolytically active t-PA 
amino acid sequence variant having (1) an 
asparagine at amino acid position 103 of the 
native human t-PA, as part of the Asn-X-Ser 
tripeptidyl sequence, wherein X is the amino 
acid tryptophan (Trp), (2) an alanine 
substituted at each of amino acid positions 
296-299 of the native human t-PA, and 
additionally having (3) asparagine at amino 
acid position 117 substituted with glutamine, 
such that glycosylation cannot occur at amino 
acid position 117. 


Claim 18. The t-PA variant of claim 15 which 
additionally has at least one amino acid 
selected from the group of amino acid 
positions 117-119, 184-186, 218-220, and 448- 
450 substituted with another amino acid such 
that glycosylation cannot occur at at least one 
of amino acid positions 1 17, 184, 218, or 448. 


Tenecteplase is a fibrinolytically active t-PA 
amino acid sequence variant having an 
asparagine at amino acid position 103 of the 
native human t-PA, as part of the Asn-X-Ser 
tripeptidyl sequence, wherein X is the amino 
acid tryptophan (Trp), and additionally having 
asparagine at amino acid position 117 
substituted with glutamine, such that 
glycosylation cannot occur at amino acid 
position 117. 
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Claim 19. A fibrinolytically active human 
tissue plasminogen activator (t-PA) variant 
having an asparagine substituted at amino acid 
position 103 of the native human t-PA, as part 
of the Asn-X-Ser or Asn-X-Thr tripeptidyl 
sequence, wherein X is any amino acid except 
proline. 


Tenecteplase is a fibrinolytically active t-PA 
variant having an asparagine substituted at 
amino acid position 103 of the native human t- 
PA, as part of the Asn-X-Ser tripeptidyl 
sequence, wherein X is tryptophan (Trp). 


Claim 20. The t-PA variant of claim 19 
having alanine substituted at each of amino 
acid positions 296-299 of the native human t- 
PA. 


Tenecteplase is a fibrinolytically active t-PA 
variant having an asparagine substituted at 
amino acid position 103 of the native human t- 
PA, as part of the Asn-X-Ser tripeptidyl 
sequence, wherein X is tryptophan (Trp), and 
additionally having alanine substituted at each 
of amino acid positions 296-299 of the native 
human t-PA. 


Claim 21. The t-PA variant of claim 20 which 
additionally has at least one amino acid 
selected from the group of amino acid 
positions 117-119, 184-186, 218-220, and 448- 
450 substituted with another amino acid such 
that glycosylation cannot occur at at least one 
of amino acid positions 1 17, 184, 218, or 448. 


Tenecteplase is a fibrinolytically active t-PA 
variant having (1) an asparagine substituted at 
amino acid position 103 of the native human t- 
PA, as part of the Asn-X-Ser tripeptidyl 
sequence, wherein X is tryptophan (Trp), (2) 
an alanine substituted at each of amino acid 
positions 296-299 of the native human t-PA, 
and additionally having (3) asparagine at 
amino acid position 117 substituted with 
glutamine, such that glycosylation cannot 
occur at amino acid position 117. 


Claim 22. A composition for treating a 
vascular disease or condition comprising a 
therapeutically effective amount of t-PA 
variant of claim 21 in admixture with a 
pharmaceutically acceptable carrier. 


Tenecteplase is a fibrinolytically active human 
t-PA amino acid sequence variant, having (1) 
an asparagine substituted at amino acid 
position 103 of the native human t-PA, as part 
of the Asn-X-Ser tripeptidyl sequence, wherein 
X is tryptophan (Trp), (2) an alanine 
substituted at each of amino acid positions 
296-299 of the native human t-PA, and 
additionally having (3) asparagine at amino 
acid position 117 substituted with glutamine, 
such that glycosylation cannot occur at amino 
acid position 117. Tenectaplase is contained in 
a composition (TNKase™) for treating a 
vascular disease or condition (to reduce 
mortality associated with acute myocardial 
infarction) in a therapeutically effective 
amount. TNKase™ is a lyophilized powder 
which is reconstituted with Sterile Water for 
Injection (a pharmaceutically acceptable 
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carrier) prior to administration. 


Claim 23. A method of treating a vascular 
disease or condition in a patient comprising 
administering the composition of claim 22. 


Tenecteplase is indicated for use in the 
reduction of mortality associated with acute 
myocardial infarction, i.e. is used in a method 
of treating a vascular disease or condition in a 
patient. 


Claim 24. The t-PA variant of claim 66 [sic, 
should read 19] which additionally has at least 
one amino acid selected from the group of 
amino acid positions 117-119, 184-186, 218- 
220, and 448-450 substituted with another 
amino acid such that glycosylation cannot 
occur at at least one of amino acid positions 
117, 184,218, or 448. 


Tenecteplase is a fibrinolytically active human 
t-PA variant having an asparagine substituted 
at amino acid position 103 of the native human 
t-PA, as part of the Asn-X-Ser tripeptidyl 
sequence, wherein X is tryptophan (Tip), and 
additionally having asparagine at amino acid 
position 117 substituted with glutamine, such 
that glycosylation cannot occur at amino acid 
position 117. 


Claim 25. A composition for treating a 
vascular disease or condition comprising a 
therapeutically effective amount of t-PA 
variant of claim 24 in admixture with a 
pharmaceutically acceptable carrier. 


Tenecteplase is a fibrinolytically active human 
t-PA amino acid sequence variant, which has 
an asparagine (Asn) substituted for threonine 
(Thr) at amino acid position 103 of the amino 
acid sequence of native human t-PA, as part of 
the Asn-X-Ser tripeptidyl sequence, wherein X 
is tryptophan (Trp), and additionally having 
asparagine at amino acid position 117 
substituted with glutamine, such that 
glycosylation cannot occur at amino acid 
position 117, and is contained in a composition 
(TNKase™ ) for treating a vascular disease or 
condition (to reduce mortality associated with 
acute myocardial infarction), in a 
therapeutically effective amount. TNKase™ 
is a lyophilized powder which is reconstituted 
with Sterile Water for Inj ection (a 
pharmaceutically acceptable carrier) prior to 
administration. 


Claim 26. A method of treating a vascular 
disease or condition in a patient comprising 
administering the composition of claim 25. 


Tenecteplase is indicated for use in the 
reduction of mortality associated with acute 
myocardial infarction, i.e. is used in a method 
of treating a vascular disease or condition in a 
patient. 
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(10) A statement beginning on a new page, of the relevant dates and information 

pursuant to 35 U.S.C 156 (g) in order to enable the Secretary of Health and 
Human Services or the Secretary of Agriculture, as appropriate, to determine 
the applicable regulatory review period, particularly, for a patent claiming a 
human drug, antibiotic, or human biological product, the effective date of the 
investigational new drug (IND) application and the IND number; the date on 
which a new drug application (NDA) or a Product License Application (PLA) 
was initially submitted and the NDA or PLA number and the date on which the 
NDA was approved or the Product License issued. 

For the Biological License Application (BLA) Approval of TNKase™ the following dates 
and related information are applicable: 
Effective Date for IND: February 22, 1 995 

IND Number: 5880 

Initial Submission Date of BLA: July 30, 1999 for Chemistry, Manufacturing and 

Controls (CMC) portion of the BLA, and September 28, 



1999 for acceptance for the completed BLA. 



FDA Approval Date for BLA: 



June 2, 2000 



BLA Number: 



99-0903 
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(11) A brief description beginning on a new page of the significant activities 

undertaken by the marketing applicant during the applicable regulatory review 
period with respect to the approved product and the significant dates applicable 
to such activities. 

The regulatory review period began on February 22, 1995 with the effective date of the 
IND. During the period beginning February 22, 1995, and continuing through June 2, 2000, 
efforts were underway by Genentech, Inc., the marketing applicant, to complete the Biological 
License Application (BLA), which was filed in stages beginning July 30, 1999. 

During this period, the following significant activities and dates are applicable: 



Date 


Activity 


November 22, 1994 


Submit IND. 


February 22, 1995 


Effective date of IND. 


Between February 22, 1995 and July 30, 1999 


Conduct and complete clinical trial. 


September 15, 1995 


Submit clinical development plan for Phase II 
and Phase III studies. 


April 15, 1996 


Submit annual report for 1 1/22/94 through 
2/22/96. 


April 10, 1997 


Submit initial 10-day safety report #27799. 


May 21, 1997 


Submit annual report for 1/1/96 through 
12/31/96. 


June 26, 1997 


Submit initial written safety report #29285. 


September 21, 1998 


Submit clinical Phase II final reports TIMI- 
10B and ASSENT-I. 


April 8, 1999 


Submit annual report for period 1/1/98 to 
1/31/98. 


July 30, 1999 


Submit Chemistry, Manufacturing and 
Controls (CMC) portion of BLA. 


September 10, 1999 


Provide additional information to Item 19 of 
BLA (financial disclosure), regarding number 
and identity of investigators who have 
responded to financial disclosure questionnaire, 
to meet requirements of 21 C.F.R. Part 54. 
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September 17, 1999 


Assent II study conduct supplement final 
report. This information meets commitment in 
BLA to provide update with information 

regarding Phase 111 study management 
conduct, and data handling. 


September 20, 1999 


Provide revised outline plan for continued due 
diligence in contacting non-responding 
investigators. 


September 24, 1999 


Enclose information regarding the validation of 
the nonparametrical analyses macros. 


September 28, 1999 


Submit for acceptance completed BLA. 


November 15, 1999 


Update Item 19 of BLA (financial disclosure) 
with number and identity of all investigators 
and subinvestigators who have responded to 
financial disclosure questionnaire. 


December 22, 1999 


Stability update for tenecteplase that defines 
the storage time at 2 °C to 8 °C when using 
fixed concentration of 5 mg/ml, which supports 
an expiration date of 25 days. 


March 3, 2000 


Submit BLA amendment to update Item 11, 
case report forms for study N0747G 


March 8, 2000 


Provide assay validation reports and virus 
clearance reports. 


March 10, 2000 


Submit information that addresses the 
commitments Genentech made with FDA 
during the TNKase™ pre-approval inspection 
of South San Francisco manufacturing facility 
from 1/10/00 to 1/14/00. 


March 14, 2000 


Financial disclosure by clinical investigators, 
one year follow-up for assent II (Study 
N0747G), update as of 3/1/00. 


March 15,2000 


Update item 8.D.1, final report N0747G 
(Assent II). Corrected values have been 
updated in Tables 12, 12.1, and 12.2. 


March 27, 2000 


Provide information regarding corrected value 
for number of patients treated with TNKase™ 
and list all clinical investigators that did not 
respond. 


March 31, 2000 


Revise the proposed TNKase™ PI, due to the 
addition of a safety engineered dual cannula 
syringe in place of conventional Exel syringe 
referenced in the BLA. Change is consistent 
with recent OSHA directives. 
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April 4, 2000 


Submit information that addresses Genentech's 
commitment made with FDA regarding CMC 
BLA review comments. 


April 7, 2000 


Provide additional information to address BLA 
review comments, and a revised statement in 
the TNKase™ BLA (Item 4.A.2.C.4) to obtain 
agency approval prior to increasing limit of in 
vitro cell age. 


April 13, 2000 


Provide additional information addressing 
FDA's concerns regarding the overall viral 
safety of the TNKase™ process and 
Genentech's proposal to monitor the 1-28 
CLIP. 


April 26, 2000 


Provide responses to request for information 
regarding N0660G and N0747G. 


May 2, 2000 


Enclose data to support an alternative method 
for taking bulk sterility samples. 


May 5, 2000 


Provide CMC information, VLA 
commitments, and response to request for 
information. 


May 15,2000 


Provide copies of draft labeling proposed for 
TNKase™ vial label and carton for FDA's 
input and review. 


May 16, 2000 


Provide CMC information to address BLA 
commitments and review items. 


May 21, 2000 


Provide a brief rationale for specific changes 
that Genentech has proposed to the PI, Item 2 
Labeling, and include a proposal for a post- 
marketing commitment, Item 8, Clinical. 


May 22, 2000 


Provide copy of the Registration Certification 
for the Becton Dickinson TWINPAK Device; 
include an enlarged copy of the Abbot (SWFI) 
diluent vial label. 


May 30, 2000 


Submit revised TNKase™ PI; include a revised 
post-marketing commitment, which contains 
specific months for key activities in these 
studies, as requested by the FDA. 


May 30, 2000 


Provide CMC information addressing BLA 
review items and commitments. 


May 31, 2000 


As per FDA's request, provide post-marketing 
commitment with a correction made to a 
typographical error for the date of the last 
patient out, corrected to June 30, 2000. 


May 31, 2000 


Propose TNKase™ vial label and carton 
reflecting the changes discussed on 5/31/00. 
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June 1,2000 


Revise TNKase 1M , based on discussions on 
6/1/00. 


June 1,2000 


Propose TNKase™ vial label and carton 
reflecting the changes discussed on 6/1/00. 


June 2, 2000 


Propose TNKase™ carton reflecting changes to 
the administration and reconstitution panel as 
discussed on 6/2/00. 


June 2, 2000 


Submit Genentech's commitment to include 
the evaluation of accelerated stability samples 
of tenecteplase in the validation of the 1-27 
peptidase assay method. 
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(12) A statement beginning on a new page that in the opinion of the applicant the 
patent is eligible for the extension and a statement as to the length of extension 
claimed, including how the length of extension was determined. 

Genentech, Inc. believes that it is entitled to an extension of term for U. S. Patent 
No. 5,385,732 (the Patent) in accordance with the provisions of 35 U.S.C. § 156. 
Genentech, Inc. believes that the period of extension applicable to the patent is 853 days, 
based on the following chronology. In accordance with 37 C.F.R. § 1.775 the extension 
was calculated as follows: 

(a) In accordance with 37 C.F.R. § 1.775(c) the length of the regulatory 
review period for the approved product is: 1927 days, which was determined in 
accordance with 37 C.F.R. § 1.775 as the sum of: 

(i) The number of days in the period beginning on the date of 
exemption under 35 U.S.C. §156(g)(l)(B)(i) from February 22, 1995 (the effective date 
of IND) until July 30, 1999 (the BLA submission date) which is 1619 days; and 

(ii) The number of days in the review period under 35 U.S.C. § 
156(g)(l)(B)(i) from July 30, 1999 (BLA submission date) until June 2, 2000 (BLA 
approval date), which is 308 days. 

Thus, the regulatory review period under 37 C.F.R. § 1.775(c) is 1927 days. 

(b) In accordance with 37 C.F.R. § 1 .775(d) the term of the Patent as extended 
is determined as follows: 

(i) The sum of the following is to be subtracted from the regulatory 
review period as determined above: 

• The number of days in the regulatory review period which were on or before the date 
on which the Patent issued. As the regulatory review commenced after the Patent 
issued, this section is not applicable (0). 

• The number of days in the regulatory review period wherein the Applicant did not act 
with due diligence, which is zero (0). 

• One-half the number of days remaining in the period defined by paragraph (c)(1) of 
37 C.F.R. §1.775 that has been reduced in accordance with the two items above, 
which is 809 days. 
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(ii) The balance of the regulatory review period (1927 days) after subtraction 
of the days required by 37 C.F.R. § 1 .775 (809 days) is 1 1 1 8 days. 

(iii) The date of expiration of the patent as extended based on the calculations 
above would thus be January 31, 2012 plus 1118 days, or February 22, 2015. 

(iv) This is less than the statutory limit of a five-year total extension (January 
31, 2017); but is longer than the maximum 14-year extension from the BLA approval, which 
would be June 2, 2014. 

(v) Accordingly, the patent term extension in accordance with this application 
would be 853 days, until June 2, 2014 . 

(13) A statement that applicant acknowledges a duty to disclose to the Commissioner 
of Patents and Trademarks and the Secretary of Health and Human Services or 
the Secretary of Agriculture any information which is material to the 
determination of entitlement to the extension sought (37 C.F.R. §1. 765). 

Genentech, Inc. acknowledges a duty to disclose to the Commissioner of Patents and 
Trademarks (and to the Patent and Trademark Office), and the Secretary of Health and Human 
Services or the Secretary of Agriculture any information which is material to the determination 
of entitlement to the extension sought. 

(14) The prescribed fee for receiving and acting upon the application for extension 
(37 C.F.R. § 1.20 0)). 

Genentech, Inc. hereby encloses a check in the amount of the prescribed fee under 37 
C.F.R. § 1.20 (j)> $1,120.00. If for any reason this payment is insufficient, applicant hereby 
authorizes that any deficiency may be charged, or any overpayment credited, to Deposit Account 
No. 11-1410. 

(15) The name, address, and telephone number of the person to whom inquiries and 
correspondence relating to the application for patent term extension are to be 
directed. 
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Please direct all correspondence relating to this application to: 



Ginger R. Dreger 
Registration No. 33,055 
Attorney of Record 



620 Newport Center Drive 
Sixteenth Floor 



Newport Beach, CA 92660 
Telephone: (415)954-4114 
Direct line: (415)217-8381 
Facsimile: (415)954-4111 
E-mail: gdreger@kmob.com 



(16) A duplicate of the application papers, certified as such. 

Genentech, Inc. hereby certifies that this application for patent term extension is being 
filed in duplicate, and is accompanied by three additional courtesy copies, all true copies of the 
original application. 

(17) An oath or declaration. 

A Declaration as set forth in 37 C.F.R. §1.740 (b) accompanies the present Application as 
Exhibit G. 

If this application for extension of patent term is held to be informal, Genentech, Inc. may 
seek to have the holding reviewed by filing a petition with the required fee, as necessary, 
pursuant to 37 C.F.R. § 1.181 or 1.183, as appropriate, within such time as may be set in any 
notice that the application has been held to be informal, or if no time is set, within one month of 
the date on which the application was held informal. 



-20- 



Patent No : U. S. 5,385,732 

Issued : January 31, 1995 

Genentech is providing herewith, in Exhibit H, a Power of Attorney and General 
Authority for the undersigned to execute this application and make the Declaration as provided in 
paragraph (17) above and in Exhibit G. 



Respectfully submitted, 

KNOBBE, MARTENS, OLSON & BEAR, LLP 



Dated: 




By: Qr>J a f J) 
Ginger R. Dreger 
Registration No. 33,055 
Attorney of Record 
620 Newport Center Drive 
Sixteenth Floor 
Newport Beach, CA 92660 
(415) 954-4114 
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Patent and Trademark Office * 

ASSISTANT SECRETARY AND COMMISSIONER 
OF PATENTS AND TRADEMARKS 
Wasnmgton. D,C 20231 



TO: GENENTECH, INC. 

1.60 POINT SAN BRUNO BLVD 
SOUTH SAN FRANC I SCO, CA git080 



UNITED STATES PATENT AND TRADEMARK OFFICE 
NOTICE OF RECORDATION OF ASSIGNMENT DOCUMENT 
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JUN 191930 



0 



GENENTECH LEGAL 
Referred to 
Noted by 



THE ENCLOSED DOCUMENT HAS BEEN RECORDED BY THE ASSIGNMENT DIVISION OF 
THE U.S. PATENT AND TRADEMARK OFFICE. A COMPLETE MICROFILM COPY IS 
AVAILABLE AT THE U.S. PATENT AND TRADEMARK OFFICE ON THE REEL AN>3 FRAME 
NUMBER REFERENCED BELOW. A DIGEST OF THE DOCUMENT HAS ALSO BEEN MADE 
AND APPEARS IN THE OFFICE'S RECORDS AS SHOWN: 



ASSIGNOR: OOl ANDERSON, STEPHEN 

ASSIGNOR: 002 BRADY, KEVIN M. 

ASSIGNOR: 003 KEYT, BRUCE A- 

ASSIGNOR: OOi, PRESTA, LEONARD G. 



DOC DATE: 03/10/90 

DOC DATE: 03/22/90 

DOC DATE: 03/20/90 

DOC DATE: 03/22/90 



RECORDATION DATE : O3/30/9O NUMBER OF PAGES 002 REEL/FRAME 52 77/0157 
DIGEST: ASSIGNMENT OF ASSIGNORS INTEREST 

ASSIGNEE: 501 GENENTECH, INC. , 1»60 POINT SAN BRUNO BLVD. , SOUTH SAN FRA 
NCI SCO, CA 9i»080, A CORP. OF DE 



SERIAL NUMBER 7-J.80691 FILING DATE 02/15/90 
PATENT NUMBER ISSUE DATE 00/00/00 
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JN THE UNITE D ffTATFS PATENT AND TRADEMARK OFFICE ^£^$4^ 



In re Application of 

STEPHEN ANDERSON ET AL. 

Serial No.: 07/480,691 

Filed: 15 FEB. 1990 

For. VARIANTS OF PLASMINOGEN 
ACTIVATORS AND PROCESSES 
FOR THEIR PRODUCTION 

Honorable Commissioner of Patents and Trademarks 

Washington, D.C. 

Attention: Application Branch 

Sir: 

Transmitted herewith are the following documents: 

1. Declaration duly executed. 
2 Copy of PTO-1553. 
3. Assignment. 
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ri _» B Harch 27, 1990 

D.C. 20231 on . — ^~ 

(Pateof Dapo*t) 

Janet E« Hasak 

Noma of oppfcant, auiqrw or 



Roasts. *d R«£>r«Mnt«tj^ 

arch 27, 1990T; us 



Signotv?* 

March 27, 1990^ 

D*U of Sejiwtwi^ ^ 
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ro 



Fee Calculation: 



Surcharge for Late Filing 
Assignment 

Total 



$120 
$128 



cp 



r 



The Commissioner is hereby authorized to charge payment of the al*>ve fees associated with 
this communication or credit any overpayment to Deposit Account No. 07-1)630. A duplicate of this 
sheet is enclosed. 

Respectfully submitted, 
GENENTECH, INC. 

JaNET E. HASAK 
Reg. No. 28,616 

27 Match 1990 
460 Point San Bruno Blvd. 
South San Francisco, Ca 94080 
(415) 266-1896 
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Patent Docket No. 488P1 
ASSIGNMENT 

WHEREAS, STEPHEN ANDERSON, a citizen of Die United ^ 

States of America, residing at 158 Springdale Road, Princeton, New g 

Jersey 08540; KEVIN M. BRADY, a citizen of the Uniied States of cn 

America, residing at 2680 Minert Road, Concord, California 94518; ^ 
BRUCE A. KEYT, a citizen of the United States of America, residing 

at 612 POCKAWAY Beach, PACIFICA, CA 940W and LEONARD G. g 
PRESTA, a citizen of the United States of America, re.uding at 1900 

Gough Street, Apt. #206, San Francisco, California 94109, (hereinafter ^ 

"ASSIGNORS") have invented a new and useful invention in — J 

VARIANTS OF PLASMINOGEN ACTIVATORS AND 
PROCESS FOR THEIR PRODUCTION 

for which an application Docket No.488Pl for Letters Patent has been 
executed by them on February 15, 1990, Serial Number 07/480,691; and 

WHEREAS, GENENTECH, INC., a corporation organized and 
existing under and by virtue of the laws of the State of Delaware, 
having a place of business at 460 Point San Bruno Boulevard, South 
San Francisco, California 94080, is entitled to ownership of all right, 
title and interest in said invention and desires that an assignment be 
executed of said invention, and of the Letters Patents to be obtained 
therefor; 

NOW, THEREFORE, be it known by all whom it may concern; 

That for good and valuable consideration, the receipt of which 
is hereby acknowledged, the said ASSIGNORS have and do hereby 
sell, assign, transfer and set over unto the said GENENTiaCH, INC., its 
successors and assigns, the full and exclusive right, tiile and interest 
including all rights under the Paris Convention for the Protection of 
Industrial Property, in and to said invention, and in and to any and 
all Letters Patents to be granted and issued therefor, not only for, to 
and in the United States of America, its territories an4 possessions, 
but for, to and in ail other countries; and it has been and is hereby 
authorized and requested that the appropriate government agencies 
issue said Letters Patents to said GENENTECH, INC., in accordance 
with this Assignment; 
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CO 



Said ASSIGNORS covenant and agree to cooperate with 
GENENTECH, INC., to enable said GENENTECH, INC., to enjoy to the 
fullest extent the right, title and interest herein conveyed in the 
United States and foreign countries. Such cooperation by said 
ASSIGNORS includes prompt production of pertinent facts and 
documents, giving of testimony, execution of petitions, oaths, 
specifications, declarations or other papers, and other assistance all ™ 
to the extent deemed necessary or desirable by said GEMENTECH, 2* 
INC., (a) for perfecting the right, title and interest herein conveyed; ^ 
(b) for prosecuting any of said applications; (c) for filing and —J 
prosecuting applications for reissuance of any of said patents; (d) for ^ 
interference or other .priority proceedings involving said invention H 
and any applications therefor and any patents granted thereon, J£I 
including without limitation opposition proceedings, cancellation 
proceedings, priority contests, public use proceedings, infringement 
actions and court actions; provided, however, that the expense 
incurred by said ASSIGNORS in providing such cooperation shall be 
paid for by said GENENTECH, INC. 

The terms and covenants of this assignment shall inure to the 
benefit of said GENENTECH, INC., its successors, assigns and other 
legal representatives, and shall be binding upon said ASSIGNORS, 
their respective heirs, legal representatives and assigrs. 

Said ASSIGNORS hereby warrant and represent that they have 
not entered and will not enter into any assignment, contract, or 
understanding in conflict herewith. 

IN WITNESS WHEREOF we undersign as follows: 

Princeton, NJ Y y^L** A^J^^ — 

Dated: \ *o V< ^ D Stephen Anderson 

South San Francisco, CA ^JL^/^^ ^^^u%^J^^ 

Dated: m AW^U, Kevin M. Brady & 

South San Francisco, CA ~ ~^a+u~ ^ ■ Jr^yilr 

Dated: h**cL. Zo, i^o Bruce A. Keyt * 

South San Francisco, CA 

Dated: >wo^fj ^2./ Leonard G. Presta 

RECORDED _ _ 
PATENT 4 TRADf MARK OFFICE 



MAR 30 90 



EXHIBIT B 



PRESCRIBING INFORMATION 
FOR TNKase™ 
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Tenecteplase 

DESCRIPTION 

Tenecteplase is a tissue plasminogen activator (tPA) produced by recom- 
binant DNA technology using an established mammalian cell line (Chinese 
Hamster Ovary cells). Tenecteplase is a 527 amino acid glycoprotein devel- 
oped by introducing the following modifications to the complementary 
DNA (cDNA) for natural human tPA: a substitution of threonine 103 with 
asparagine, and a substitution of asparagine 117 with glutamine, both 
within the kringle 1 domain, and a tetra-alanine substitution at amino acids 
296-299 in the protease domain. Cell culture is carried out in nutrient 
medium containing the antibiotic gentamicin (65 mg/L). However, the 
presence of the antibiotic is not detectable in the final product (limit of 
detection is 0.67 ng/vial). TNKase is a sterile, white to off-white, 
lyophilized powder for single intravenous (IV) bolus administration after 
reconstitution with Sterile Water for Injection (SWFI), USP. Each vial of TNKase 
nominally contains 52.5 mg Tenecteplase, 0.55 g L-arginine, 0.17 g 
phosphoric acid, and 4.3 mg polysorbate 20, which includes a 5% overfill. 
Each vial will deliver 50 mg of Tenecteplase. 

CLINICAL PHARMACOLOGY 
General 

Tenecteplase is a modified form of human tissue plasminogen activator 
(tPA) that binds to fibrin and converts plasminogen to plasmin. In the 
presence of fibrin, in vitro studies demonstrate that Tenecteplase conver- 
sion of plasminogen to plasmin is increased relative to its conversion in 
the absence of fibrin. This fibrin specificity decreases systemic activation 
of plasminogen and the resulting degradation of circulating fibrinogen as 
compared to a molecule lacking this property. Following administration of 
30, 40, or 50 mg of TNKase, there are decreases in circulating fibrinogen 
(4%— 1 5%) and plasminogen (11%-24%). The clinical significance of fib- 
rin-specificity on safety (e.g., bleeding) or efficacy has not been estab- 
lished. Biological potency is determined by an in vitro clot lysis assay and 
is expressed in Tenecteplase-specific units. The specific activity of 
Tenecteplase has been defined as 200 units/mg. 

Pharmacokinetics 

In patients with acute myocardial infarction (AMI), TNKase administered 
as a single bolus exhibits a biphasic disposition from the plasma. 
Tenecteplase was cleared from the plasma with an initial half-life of 20 to 
24 minutes. The terminal phase half-life of Tenecteplase was 90 to 130 min- 
utes. In 99 of 104 patients treated with Tenecteplase, mean plasma clear- 
ance ranged from 99 to 119 mL/min. 

The initial volume of distribution is weight related and approximates 
plasma volume. Liver metabolism is the major clearance mechanism for 
Tenecteplase. 

CLINICAL STUDIES 

ASSENT-2 was an international, randomized, double-blind trial that com- 
pared 30-day mortality rates in 16,949 patients assigned to receive an 
IV bolus dose of TNKase or an accelerated infusion of Activase® (Alteplase, 
recombinant). 1 Eligibility criteria included onset of chest pain within 6 
hours of randomization and ST-segment elevation or left bundle branch 
block on electrocardiogram (ECG). Patients were to be excluded from the 
trial if they received GP lib/Ilia inhibitors within the previous 12 hours. 
TNKase was dosed using actual or estimated weight in a weight-tiered 
fashion as described in DOSAGE AND ADMINISTRATION. All patients were 
to receive 150-325 mg of aspirin administered as soon as possible, fol- 
lowed by 150-325 mg daily. Intravenous heparin was to be administered 
as soon as possible: for patients weighing <67 kg, heparin was adminis- 
tered as a 4000 unit IV bolus followed by infusion at 800 U/hr; for patients 
weighing >67 kg, heparin was administered as a 5000 unit IV bolus fol- 
lowed by infusion at 1000 U/hr. Heparin was continued for 48 to 72 hours 
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with infusion adjusted to maintain aPTT at 50-75 seconds. The use of GP 
llb/llla inhibitors was discouraged for the first 24 hours following ran- 
domization. The results of the primary endpoint (30-day mortality rates 
with non-parametric adjustment for the covariates of age, Killip class, 
heart rate, systolic blood pressure and infarct location) along with selected 
other 30-day endpoints are shown in Table 1. 

Table 1 

ASSENT-2 

Mortality, Stroke, and Combined Outcome of Death or Stroke 
Measured at Thirty Days 



30-Day Events 


TNKase 
(n=8461) 


Accelerated 
Activase 
(n=8488) 


Relative Risk 
TNKase/Activase 
(95% CI) 


Mortality 


6.2% 


6.2% 


1.00 
(0.89,1.12) 


Intracranial Hemorrhage 
(ICH) 


0.9% 


0.9% 


0.99 
(0.73, 1.35) 


Any Stroke 


1.8% 


1.7% 


1.07 
(0.86, 1,35) 


Death or Nonfatal Stroke 


7.1% 


7.0% 


1.01 
(0.91, 1.13) 



Rates of mortality and the combined endpoint of death or stroke among 
pre-specified subgroups, including age, gender, time to treatment, infarct 
location, and history of previous myocardial infarction, demonstrate con- 
sistent relative risks across these subgroups. There was insufficient enroll- 
ment of non-Caucasian patients to draw any conclusions regarding relative 
efficacy in racial subsets. 

Rates of in-hospital procedures, including percutaneous transluminal 
coronary angioplasty (PTCA), stent placement, intra-aortic balloon pump 
(IABP) use, and coronary artery bypass graft (CABG) surgery, were simi- 
lar between the TNKase and Activase® (Alteplase, recombinant) groups. 

TIMI 10B was an open-label, controlled, randomized, dose-ranging, 
angiography study which utilized a blinded core laboratory for review of 
coronary arteriograms. 2 Patients (n=837) presenting within 12 hours of 
symptom onset were treated with fixed doses of 30, 40, or 50 mg of 
TNKase or the accelerated infusion of Activase and underwent coronary 
arteriography at 90 minutes. The results showed that the 40 mg and 50 mg 
doses were similar to accelerated infusion of Activase in restoring patency. 
TIMI grade 3 flow and TIMI grade 2/3 flow at 90 minutes are shown in 
Table 2. The exact relationship between coronary artery patency and clinical 
activity has not been established. 

Table 2 

TIMI 10B Patency Rates 
TIMI Grade Flow at 90 Minutes 



Activase <100 mg TNKase 30 mg 
(n=311) (n=302) 


TNKase 40 mg 
(n=148) 


TNKase 50 mg 
(n=76) 


TIMI Grade 3 Flow 63% 


54% 


63% 


66% 


TIMI Grade 2/3 Flow 82% 


77% 


79% 


88% 


95% CI (77%,86%) 
(TIMI 2/3 Flow) 


(72%,81%) 


(72%,85%) 


(79%,94%) 
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The angiographic results from TIMI 10B and the safety data from ASSENT-1, 
an additional uncontrolled safety study of 3,235 TNKase-treated patients, 
provided the framework to develop a weight-tiered TNKase dose regimen. 3 
Exploratory analyses suggested that a weight-adjusted dose of 0.5 mg/kg 
to 0.6 mg/kg of TNKase resulted in a better patency to bleeding relation- 
ship than fixed doses of TNKase across a broad range of patient weights. 

INDICATIONS AND USAGE 

TNKase is indicated for use in the reduction of mortality associated with 
acute myocardial infarction (AMI). Treatment should be initiated as soon 
as possible after the onset of AMI symptoms (see CLINICAL STUDIES). 

CONTRAINDICATIONS 

TNKase therapy in patients with acute myocardial infarction is con- 
traindicated in the following situations because of an increased risk of 
bleeding (see WARNINGS): 

•Active internal bleeding 

• History of cerebrovascular accident 

• Intracranial or intraspinal surgery or trauma within 2 months 

• Intracranial neoplasm, arteriovenous malformation, or aneurysm 

• Known bleeding diathesis 

• Severe uncontrolled hypertension 

WARNINGS 
Bleeding 

The most common complication encountered during TNKase therapy is 
bleeding. The type of bleeding associated with thrombolytic therapy can be 
divided into two broad categories: 

• Internal bleeding, involving intracranial and retroperitoneal sites, or the 
gastrointestinal, genitourinary, or respiratory tracts. 

• Superficial or surface bleeding, observed mainly at vascular puncture 
and access sites (e.g., venous cutdowns, arterial punctures) or sites of 
recent surgical intervention. 

Should serious bleeding (not controlled by local pressure) occur, any con- 
comitant heparin or antiplatelet agents should be discontinued immediately. 

In clinical studies of TNKase, patients were treated with both aspirin and 
heparin. Heparin may contribute to the bleeding risks associated with 
TNKase. The safety of the use of TNKase with other antiplatelet agents has 
not been adequately studied (see PRECAUTIONS: Drug Interactions). 
Intramuscular injections and nonessential handling of the patient should 
be avoided for the first few hours following treatment with TNKase. 
Venipunctures should be performed and monitored carefully. 

Should an arterial puncture be necessary during the first few hours fol- 
lowing TNKase therapy, it is preferable to use an upper extremity vessel 
that is accessible to manual compression. Pressure should be applied for 
at least 30 minutes, a pressure dressing applied, and the puncture site 
checked frequently for evidence of bleeding. 

Each patient being considered for therapy with TNKase should be carefully 
evaluated and anticipated benefits weighed against potential risks associ- 
ated with therapy. In the following conditions, the risk of TNKase therapy 
may be increased and should be weighed against the anticipated benefits: 

• Recent major surgery, e.g., coronary artery bypass graft, obstetrical 
delivery, organ biopsy, previous puncture of noncompressible vessels 

• Cerebrovascular disease 

• Recent gastrointestinal or genitourinary bleeding 

• Recent trauma 

• Hypertension: systolic BP >1 80 mm Hg and/or diastolic BP >110 mm Hg 



• High likelihood of left heart thrombus, e.g., mitral stenosis with atrial 
fibrillation 

• Acute pericarditis 

• Subacute bacterial endocarditis 

• Hemostatic defects, including those secondary to severe hepatic 
or renal disease 

• Severe hepatic dysfunction 

• Pregnancy 

• Diabetic hemorrhagic retinopathy or other hemorrhagic ophthalmic 
conditions 

• Septic thrombophlebitis or occluded AV cannula at seriously 
infected site 

• Advanced age (see PRECAUTIONS: Geriatric Use) 

• Patients currently receiving oral anticoagulants, e.g., warfarin sodium 

• Recent administration of GP llb/llla inhibitors 

• Any other condition in which bleeding constitutes a significant hazard 
or would be particularly difficult to manage because of its location 

Cholesterol Embolization 

Cholesterol embolism has been reported rarely in patients treated with all 
types of thrombolytic agents; the true incidence is unknown. This serious 
condition, which can be lethal, is also associated with invasive vascular 
procedures (e.g., cardiac catheterization, angiography, vascular surgery) 
and/or anticoagulant therapy. Clinical features of cholesterol embolism 
may include livedo reticularis "purple toe" syndrome, acute renal failure, 
gangrenous digits, hypertension, pancreatitis, myocardial infarction, cere- 
bral infarction, spinal cord infarction, retinal artery occlusion, bowel infarc- 
tion, and rhabdomyolysis. 
Arrhythmias 

Coronary thrombolysis may result in arrhythmias associated with reperf usion. 
These arrhythmias (such as sinus bradycardia, accelerated idioventricular 
rhythm, ventricular premature depolarizations, ventricular tachycardia) are 
not different from those often seen in the ordinary course of acute myocardial 
infarction and may be managed with standard anti-arrhythmic measures. 
It is recommended that anti-arrhythmic therapy for bradycardia and/or 
ventricular irritability be available when TNKase is administered. 

PRECAUTIONS 
General 

Standard management of myocardial infarction should be implemented 
concomitantly with TNKase treatment. Arterial and venous punctures 
should be minimized. Noncompressible arterial puncture must be avoided 
and internal jugular and subclavian venous punctures should be avoided to 
minimize bleeding from the noncompressible sites. In the event of serious 
bleeding, heparin and antiplatelet agents should be discontinued immedi- 
ately. Heparin effects can be reversed by protamine. 

Readministration 

Readministration of plasminogen activators, including TNKase, to patients 
who have received prior plasminogen activator therapy has not been sys- 
tematically studied. Three of 487 patients tested for antibody formation to 
TNKase had a positive antibody titer at 30 days. The data reflect the per- 
centage of patients whose test results were considered positive for anti- 
bodies to TNKase in a radioimmunoprecipitation assay, and are highly 
dependent on the sensitivity and specificity of the assay. Additionally, the 
observed incidence of antibody positivity in an assay may be influenced by 
several factors including sample handling, concomitant medications, and 
underlying disease. For these reasons, comparison of the incidence of 
antibodies to TNKase with the incidence of antibodies to other products 
may be misleading. Although sustained antibody formation in patients 
receiving one dose of TNKase has not been documented, readministration 
should be undertaken with caution. If an anaphylactic reaction occurs, 
appropriate therapy should be administered. 
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Drug Interactions 

Formal interaction studies of TNKase with other drugs have not been per- 
formed. Patients studied in clinical trials of TNKase were routinely treated 
with heparin and aspirin. Anticoagulants (such as heparin and vitamin K 
antagonists) and drugs that alter platelet function (such as acetylsalicylic 
acid, dipyridamole, and GP llb/llla inhibitors) may increase the risk of 
bleeding if administered prior to, during, or after TNKase therapy. 

Drug/Laboratory Test Interactions 

During TNKase therapy, results of coagulation tests and/or measures of 
fibrinolytic activity may be unreliable unless specific precautions are taken 
to prevent in vitro artifacts. Tenecteplase is an enzyme that, when present 
in blood in pharmacologic concentrations, remains active under in vitro 
conditions. This can lead to degradation of fibrinogen in blood samples 
removed for analysis. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 

Studies in animals have not been performed to evaluate the carcinogenic 
potential, mutagenicity, or the effect on fertility. 
Pregnancy (Category C) 

TNKase has been shown to elicit maternal and embryo toxicity in rabbits 
given multiple IV administrations. In rabbits administered 0.5, 1.5 and 
5.0 mg/kg/day, vaginal hemorrhage resulted in maternal deaths. 
Subsequent embryonic deaths were secondary to maternal hemorrhage 
and no fetal anomalies were observed. TNKase does not elicit maternal and 
embryo toxicity in rabbits following a single IV administration. Thus, in 
developmental toxicity studies conducted in rabbits, the no observable 
effect level (NOEL) of a single IV administration of TNKase on maternal or 
developmental toxicity was 5 mg/kg (approximately 8-10 times the human 
dose). There are no adequate and well-controlled studies in pregnant 
women. TNKase should be given to pregnant women only if the potential 
benefits justify the potential risk to the fetus. 

Nursing Mothers 

It is not known if TNKase is excreted in human milk. Because many drugs 
are excreted in human milk, caution should be exercised when TNKase is 
administered to a nursing woman. 

Pediatric Use 

The safety and effectiveness of TNKase in pediatric patients have not been 

established. 

Geriatric Use 

Of the patients in ASSENT-2 who received TNKase, 4,958 (59%) were 
under the age of 65; 2,256 (27%) were between the ages of 65 and 74; and 
1,244 (15%) were 75 and over. The 30-day mortality rates by age were 
2.5% in patients under the age of 65, 8.5% in patients between the ages 
of 65 and 74, and 16.2% in patients age 75 and over. The ICH rates were 
0.4% in patients under the age of 65, 1 .6% in patients between the ages 
of 65 and 74, and 1.7% in patients age 75 and over. The rates of any 
stroke were 1 .0% in patients under the age of 65, 2.9% in patients between 
the ages of 65 and 74, and 3.0% in patients age 75 and over. Major bleed- 
ing rates, defined as bleeding requiring blood transfusion or leading to 
hemodynamic compromise, were 3.1% in patients under the age of 65, 
6.4% in patients between the ages of 65 and 74, and 7.7% in patients age 
75 and over. In elderly patients, the benefits of TNKase on mortality should 
be carefully weighed against the risk of increased adverse events, includ- 
ing bleeding. 

ADVERSE REACTIONS 
Bleeding 

The most frequent adverse reaction associated with TNKase is bleeding 
(see WARNINGS). 

Should serious bleeding occur, concomitant heparin and antiplatelet ther- 
apy should be discontinued. Death or permanent disability can occur in 
patients who experience stroke or serious bleeding episodes. 



For TNKase-treated patients in ASSENT-2, the incidence of intracranial 
hemorrhage was 0.9% and any stroke was 1.8%. The incidence of all 
strokes, including intracranial bleeding, increases with increasing age (see 
PRECAUTIONS: Geriatric Use). In the ASSENT-2 study, the following 
bleeding events were reported (see Table 3). 

Table 3 

ASSENT-2 
Non-ICH Bleeding Events 





TNKase 
(n=846t) 


Accelerated 
Activase 
(n=8488) 


Relative Risk for 
TNKase/Activase 
(95% CI) 


Major bleeding 1 


4.7% 


5.9% 


0.78 
(0.69, 0.89) 


Minor bleeding 


21.8% 


23.0% 


0.94 
(0.89,1.00) 


Units of transfused blood 






Any 


4.3% 


5.5% 


0.77 


1-2 


2.6% 


3.2% 


(0.67, 0.89) 


>2 


1.7% 


2.2% 





a Major bleeding is defined as bleeding requiring blood transfusion or leading to hemodynamic compromise. 



Non-intracranial major bleeding and the need for blood transfusions were 
lower in patients treated with TNKase. 

Types of major bleeding reported in 1% or more of the patients were 
hematoma (1.7%) and gastrointestinal tract (1%). Types of major bleed- 
ing reported in less than 1% of the patients were urinary tract, puncture 
site (including cardiac catheterization site), retroperitoneal, respiratory 
tract, and unspecified. Types of minor bleeding reported in 1% or more of 
the patients were hematoma (12.3%), urinary tract (3.7%), puncture site 
(including cardiac catheterization site) (3.6%), pharyngeal (3.1%), gas- 
trointestinal tract (1.9%), epistaxis (1.5%), and unspecified (1.3%). 

Allergic Reactions 

Allergic-type reactions (e.g., anaphylaxis, angioedema, laryngeal edema, 
rash, and urticaria) have rarely (<1%) been reported in patients treated 
with TNKase. Anaphylaxis was reported in <0.1% of patients treated with 
TNKase; however, causality was not established. When such reactions 
occur, they usually respond to conventional therapy. 

Other Adverse Reactions 

The following adverse reactions have been reported among patients 
receiving TNKase in clinical trials. These reactions are frequent sequelae of 
the underlying disease, and the effect of TNKase on the incidence of these 
events is unknown. 

These events include cardiogenic shock, arrhythmias, atrioventricular 
block, pulmonary edema, heart failure, cardiac arrest, recurrent myocardial 
ischemia, myocardial reinfarction, myocardial rupture, cardiac tamponade, 
pericarditis, pericardial effusion, mitral regurgitation, thrombosis, 
embolism, and electromechanical dissociation. These events can be life- 
threatening and may lead to death. Nausea and/or vomiting, hypotension, 
and fever have also been reported. 

DOSAGE AND ADMINISTRATION 

Dosage 

TNKase is for intravenous administration only. The recommended total 
dose should not exceed 50 mg and is based upon patient weight. 

A single bolus dose should be administered over 5 seconds based on 
patient weight. Treatment should be initiated as soon as possible after the 
onset of AMI symptoms (see CLINICAL STUDIES). 
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Dose Information Table 

i 



Patient weight 


TNKase 


volume TNKase to be 


(kg) 


(mg) 


administered (mL) 


<60 


30 


6 


>60 to <70 


35 


7 


>70 to <80 


40 


8 


>80 to <90 


45 


9 


>90 


50 


10 



•From one vial of TNKase reconstituted with 10 mL SWFI. 



The safety and efficacy of TNKase have only been investigated with con- 
comitant administration of heparin and aspirin as described in CLINICAL 
STUDIES. 

The EST 10 cc Syringe with 
TwinPak™ Dual Cannula Device 




io cc Syringe Red Hub Cannula TVinPak™ Shield Blunt Plastic Green Of 

Syringe Filling Device Cannula 



Reconstitution 

NOTE : Read all instructions completely before beginning reconstitution 
and administration. 

1 . Remove the shield assembly from the supplied B-D® 10 cc syringe with 
TwinPak w Dual Cannula Device (see figure) and aseptically withdraw 10 mL 
of Sterile Water for Injection (SWFI), USP t from the supplied diluent vial 
using the red hub cannula syringe filling device. Do not use Bacterio- 
static Water for Injection, USP. 

Note: Do not discard the shield assembly. 

2. Inject the entire contents of the syringe (10 mL) into the TNKase vial 
directing the diluent stream into the powder. Slight foaming upon 
reconstitution is not unusual; any large bubbles will dissipate if the 
product is allowed to stand undisturbed for several minutes. 

3. Gently swirl until contents are completely dissolved. DO NOT SHAKE. 
The reconstituted preparation results in a colorless to pale yellow 
transparent solution containing TNKase at 5 mg/mL at a pH of 
approximately 7.3. The osmolality of this solution is approximately 
290 mOsm/kg. 

4. Determine the appropriate dose of TNKase (see Dose Information 
Table) and withdraw this volume (in milliliters) from the reconstituted 
vial with the syringe. Any unused solution should be discarded. 

5. Once the appropriate dose of TNKase is drawn into the syringe, stand 
the shield vertically on a flat surface (with green side down) and pas- 
sively recap the red hub cannula. 

6. Remove the entire shield assembly, including the red hub cannula, by 
twisting counterclockwise. Note: The shield assembly also contains the 
clear-ended blunt plastic cannula; retain for split septum IV access. 

Administration 

1 . The product should be visually inspected prior to administration for 
particulate matter and discoloration. TNKase may be administered as 
reconstituted at 5 mg/mL. 

2. Precipitation may occur when TNKase is administered in an IV line 
containing dextrose. Dextrose-containing lines should be flushed with 
a saline-containing solution prior to and following single bolus admin- 
istration of TNKase. 



3. Reconstituted TNKase should be administered as a single IV bolus 
over 5 seconds. 

4. Because TNKase contains no antibacterial preservatives, it should be 
reconstituted immediately before use. If the reconstituted TNKase is 
not used immediately, refrigerate the TNKase vial at 2-8°C 
(36-46°F) and use within 8 hours. 

5. Although the supplied syringe is compatible with a conventional 
needle, this syringe is designed to be used with needleless IV sys- 
tems. From the information below, follow the instructions applicable to 
the IV system in use. 

Split septum IV system: • Remove the green cap. 

• Attach the clear-ended blunt plastic 
cannula to the syringe. 

• Remove the shield and use the blunt 
plastic cannula to access the split sep- 
tum injection port. 

• Because the blunt plastic cannula has 
two side ports, air or fluid expelled 
through the cannula will exit in two 
sideways directions; direct away from 
face or mucous membranes. 

Luer-Lok® system: Connect syringe directly to IV port. 

Conventional needle Attach a large bore needle, e.g., 

(not supplied in this kit): 18 gauge, to the syringe's universal 

Luer-Lok®. 

6. Dispose of the syringe, cannula, and shield per established procedures. 
HOW SUPPLIED 

TNKase is supplied as a sterile, lyophitized powder in a 50 mg vial under 
partial vacuum. Each 50 mg vial of TNKase is packaged with one 10 mL 
vial of Sterile Water for Injection, USP for reconstitution, The B-D® 10 cc 
syringe with TwinPak'" Dual Cannula Device, and three alcohol prep pads. 
NDC 50242-038-61. 
Stability and Storage 

Store lyophilized TNKase at controlled room temperature not to exceed 
30°C (86°F) or under refrigeration 2-8°C (36-46°F). Do not use beyond 
the expiration date stamped on the vial. 
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FDA APPROVAL LETTER 




DEPARTMENT OF HEALTH & HUMAN SERVICES 



Food and Drug Administration 
1401 Rockville Pike 
Rockville MO 20852-1448 



Our Reference No.: 99-0903 June 2, 2000 

Robert L. Garnick, Ph.D. 
Genentech, Inc. 
1 DNA Way"" 

South San Francisco, CA 94080-4990 
Dear Dr. Garnick: 

Your biologies license application for Tenecteplase is approved effective this date. Genentech, 
Inc., South San Francisco, California, is hereby authorized to introduce or deliver for 
introduction into interstate commerce Tenecteplase under Department of Health and Human 
Services U. S. License No. 1048. 

Tenecteplase is indicated for reduction of mortality associated with acute myocardial infarction 
(AMI). Under this authorization, you are approved to manufacture Tenecteplase drug 
substance and drug product, including filling and packaging, at your facility in South San 
Francisco, California. In accordance with approved labeling, your product will bear the 
tradename TNKase, and will be marketed in a 50 mg vial supplied with one 10 ml vial of 
Sterile Water for Injection, USP, one 10 ml syringe with TwinPak™ Dual Cannula Device, 
and three alcohol prep pads. 

The dating period for this product shall be 36 months from the date of manufacture when 
stored at controlled room temperature not to exceed 30°C (86°F) or under refrigeration 2-8°C 
(36-46°). The date of manufacture shall be defined as the date of final sterile filtration of the 
formulated product. The dating period for the formulated. final bulk shall be 24 months when 
stored at -20°C or 25 days when stored at 2-8°C. The expiration date for the packaged product 
shall be dependent on the shortest expiration date of any supplied component. Results of 
ongoing stability studies should be submitted throughout the dating period as they become 
available including the results of stability studies from the first three production lots. The 
stability protocol in your license application is considered approved for the purpose of 
extending the expiration dating period of your drug substance and drug product as specified in 
21 CFR 601.12. 

You are not currently required to submit samples of future lots of Tenecteplase to the Center 
for Biologies Evaluation and Research (CBER) for release by the Director, CBER, under 21 
CFR 610.2. FDA will continue to monitor compliance with 21 CFR 610.1 requiring assay and 
release of only those lots that meet release specifications. 
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Any changes in the manufacture, packaging or labeling of the product or in the manufacturing 
facilities will require the submission of information to your biologies license application for our 
review and written approval consistent with 2 1 CFR 60 1 . 1 2. 

As of April l, 1 999, all applications for new active ingredients, new dosage forms, new 
indications, new routes of administration, and new dosing regimens are required to contain an 
assessment of safety and effectiveness of the product in pediatric patients unless this requirement 
is waived or deferred (63 FR 66632). As communicated in our letter of February 1 5, 2000, a 
waiver for pediatric studies for this application is granted under 21 CFR 601.27. 

We acknowledge your commitments to provide additional information and to conduct post- 
marketing studies as described in your letters of February 7, March 10, April 4, April 13, May 5, 
May 21 , and May 30, 2000. As outlined below, you have agreed to: 

1 . Gather data from the National Registry of Myocardial Infarction (NRMI) for a prospective 
registry study on U.S. patients presenting with acute myocardial infarction who are treated 
with TNKase™, The patient population will include 3,000 patients of African descent, 1,500 
patients of Hispanic descent, 3,500 patients of low body weight (<60 kg) and a control group 
of >50,000 patients. The registry data will include information regarding demographics, past 
medical history, concomitant medications, treatment regimen, clinical outcome and patient 
disposition. Information will be collected through patient discharge. Endpoints will be 
clinical outcome and adverse events, including death, intracranial hemorrhage (ICH), stroke 
and major bleeding events. The final study protocol will be submitted to FDA by August 31, 
2000, enrollment started by September 30, 2000, enrollment completed by June 30, 2002, 
and a final study report submitted to FDA by December 3 1 , 2002. 

2. Institute a specification for iron content in the proteose peptone used as a raw material for 
fermentation of TNKase™ by June, 2001. * _ 

3. Institute action limits on bioburden for all stages of the manufacturing process by June, 2001. 
Submit to CBER in-process bioburden data obtained from the next TNKase™ manufacturing 
campaign (to be conducted summer, 2000). 

4. Develop a quantitative release assay for the fraction of TNKase™ which has been clipped 
between amino acid residues 27 and 28 by June, 2001. N-terminal sequencing to estimate 
the percent of product containing the 27-28 clip will be used with an action limit of >20% 
until the validated release assay has been established. 

5. Collect data on the percent 1 -chain TNKase™ in the bulk drug substance manufactured in the 
next two TNKase™ campaigns to assess if the upper limit specification of 80% is supported 
by the results. Revise the upper limit specification for % 1 -chain TNKase™ if appropriate. 
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6. Perform studies designed to confirm the recovery/detection efficiency of the SV40 Taajnan 
assay in the presence of TNK-tPA. The results of these studies will be submitted to CBER 
by December 15,2000. \ 

We note that ongoing clinical trials involve use of lower doses of this product in combination 
therapy. Please be aware that such combination use may necessitate future changes to your 
product labeling. If combination therapy is approved, it is our expectation that Genentech, Inc. 
will work with the Agency in making timely modifications to labeling, and potentially product 
packaging, to ensure safe and effective use of your product. 

It is required that adverse experience reports be submitted in accordance with the adverse 
experience reporting requirements for licensed biological products (21 CFR 600.80) and that 
distribution reports be submitted as described (21 CFR 600.8 1). All adverse experience reports 
should be prominently identified according to 21 CFtf 600.80 and be submitted to the Center for 
Biologies Evaluation and Research, HFM-2 10, Food and Drug Administration, 1401 Rockville 
Pike. MD 20852-1448. 

Please submit final printed labeling at the time of use and include implementation information on 
FDA Form 2567. Please provide a PDF-format electronic copy as well as original paper copies 
(ten for circulars and five for other labels). In addition, you may wish to submit draft copies of 
the proposed introductory advertising and promotional labeling with an FDA Form 2567 or Form 
2253 to the Center for Biologies Evaluation and Research, Advertising and Promotional 
Labeling Staff, HFM-202, 1401 Rockville Pike, Rockville, MD 20852-1448. Final printed 
advertising and promotional labeling should be submitted at the time of initial dissemination, 
accompanied by a FDA Form 2567 or Form 2253. 

All promotional claims must be consistent with and not contrary to approved labeling. No 
comparative promotional claim or claim of superiority over other similar products should be 
made unless data to support such claims are submitted to and approved by theCenter for 
Biologies Evaluation and Research. 



Sincerely yours, 




ojf&JSsy P. Siegel, M.D., FACP 



Director 
Office of Therapeutics 
Research and Review 
Center for Biologies 
Evaluation and Research 
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ABSTRACT 



A fibrinolytically active amino acid sequence variant of 
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more glycosylation sites in regions that are not glycosy- 
lated in the native molecule. DNA sequences can be 
prepared that encode the variants, as well as expression 
vectors incorporating the DNA sequences, and host 
cells transformed with the expression vectors. The vari- 
ants may be used in a pharmaceutical preparation to 
treat a vascular disease or condition in patients. 
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technology. Certain of these researchers also have dis- 

VAR1ANTS OF TISSUE PLASMINOGEN closed publicly the potential of variants of the basic 

ACTIVATOR, COMPOSITIONS AND METHODS structure, mentally foreseeing derivatives that may vary 

OF USE FOR SAME in overall biological or pharmacokinetic effects. The 

5 resultant public disclosures for the most part have been 

CROSS-REFERENCE TO RELATED prophetic and equivocal in terms of actual overall bio- 

APPLICATIONS logical or pharmacological results. 

This application is a continuation application of co- Analogous endeavors in the laboratories that suc- 

pending U.S. Ser. No. 07/824,740 filed Jan. 21, 1992, ceeded first in producing t-PA recombmantly have 

now U.S. Pat. No. 5,270,198 which is a continuation 10 been recorded factually in terms of confirmed molecu- 

application of U.S. Ser. No. 07/480,691 filed Feb. 15 t lar characterization and observed biological effect, both 

1990, now abandoned, which is a continuation-in-part in the scientific literature and in various patent applica- 

application of U.S. Ser. No. 07/196,909 filed May 20, tions. In all events, the trend seems to favor research 

1988, now abandoned. attempting to modify the basic structure of t-PA to 

15 explore and exploit fully its commercial potential ac- 

BACKGROUND OF THE INVENTION ^ ding tQ ^ biolo ^ cally ^ e „d,Joints. 

1. Field of the Invention Based partly upon such research and disclosures, it 
The present invention is directed to particular vari- seems now clear that the t-PA molecule contains five 

ants of plasminogen activators, to methods for prepar- domains (stretches of amino acid sequence) that have 
ing such, and to methods and compositions utilizing 20 been defined with reference to homologous or other- 
such variants for producing pharmaceutically active wise similar structures identified in various other prote- 
compositions with unexpectedly improved therapeutic i ns sucn as trypsin, chymotrypsin, plasminogen, pro- 
and physicochemical characteristics, particularly thrombin, fibronectin, and epidermal growth factor 
longer circulating half-life and slower clearance rates. (EGF). These domains have been designated, starting at 

2. Description of Background and Related Art 25 the N . terminus of ^ am i no ac id sequence of t-PA, as 1) 
Plasminogen activators are enzymes that activate the the finger region (pj thal has variously been defined as 

zymogen plasminogen to generate the serine proteinase including amino acids I to about 44, 2) the growth fac- 

plasmin (by cleavage at Arg560-Val561) that degrades tQr r£gion (G) that has been vario usly defined as 

various proteins, including fibnn. Among the plasmino- stretc hing from about amino acids 45 to 91 (based upon 

gen activators studied are streptokinase, a bacterial 30 ^ homol ^ £GF) 3) one (K1) that has 

protein, urokinase an enzyme synthesized in the kidney ^ ^ stretchin from aboul amino acid 92 to 

and elsewhere and originally extracted from unne, and about aminQ add 1?3 4) ^ {e two (K2) that has been 

human tissue plasminogen activator (t-PA), an enzyme stretching from about amino acid 180 to 

produced by the cells lining blood vessel walls * ^ 

The mechanism of action of each of these plasmino- 35 , . ' '„ . . n a*>kZ>a , t 

_ A . . r , ase domain (P) that generally has been denned as 

gen activators differs: Streptokinase forms a complex ^ \\ r u ♦ • a ->za .~ .u- r **~„*\ 

* . , . - . * • ^ r , . stretching from about ammo acid 264 to the C- terminal 

with plasminogen, generating plasmin activity, uroki- ^ ™7 B , . ^ a <. *„^a ™„ 

i 7 • a- JT.u. _j * T) a f , , end of the molecule. These domains are situated gener- 

nase cleaves plasminogen directly, and t-PA forms a . ♦ j w u „ 

ternary complex with fibrin and plasminogen, leading to «*Jf cent *> one another or are separated by short 

plasmmogen activation in the locality of the clot. 40 >*er" regions, and ao»unt for the entire amino acid 

t-PA has been identified and described as a particu- sequence of from 1 to 527 amino acids of the putative 

Iarly important and potent new biological pharmaceuti- mature form of t-PA 

cal agent that has shown extraordinary results in the ^ ch d^mam has been described [Variously as con- 
treatment of vascular diseases, such as myocardial in- tributing certain specific activity. The finger domain 
farction, due to its high fibrin specificity and potent 45 has been variously described as containing a sequence 
ability to dissolve blood clots in vivo. of at least ma J or importance for high binding affinity to 

t-PA has been the subject of numerous scientific and fibrin. (This activity is thought important for the high 
patent application disclosures. Although its existence specificity that t-PA displays with respect to clot lysis at 
prompted numerous investigations by several scientific the locus of a fibrin-nch thrombus.) The growth factor- 
groups, it was first identified as a substantially pure 50 like region likewise has been associated with cell sur- 
isolate from a natural source, and tested for requisite face binding activity, at least with respect to urokinase, 
plasminogen activator activity in vivo, by Collen et al., The kringle 2 region has also been strongly associated 
European Patent Application Publn. No. 41,766, pub- with fibrin binding and with the ability of fibnn to stim- 
lished Dec. 16, 1981, based upon a first filing of Jun. 11, ulate the activity of t-PA. The serine protease domain is 
1980. See also the corresponding scientific publication, 55 responsible for the plasminogen activating activity of 
Rijken et al., /. Biol Chem., 256: 7035 (1981). t-PA. 

Subsequently, t-PA was fully identified and charac- Potential N-linked glycosylation sites exist in the 
terized by underlying DNA sequence and deduced molecule at amino acid positions 1 17, 184, 218, and 448, 
amino acid sequence based on successful work employ- numbered in accordance with native, mature t-PA. The 
ing recombinant DNA technology resulting in large 60 site at amino acid 218 is not glycosylated in native t-PA. 
quantities of t-PA in a distinct milieu. This work was The glycosylation site at amino acid 1 17 has been char- 
reported by Pennica et al., Nature. 301:214 (1983)) and acterized as being a high mannose type, while the other 
in European Patent Application Publn. No. 93,619, two sites display so-called complex oligosaccharide 
published Nov. 9, 1983, based upon a first filing of May structures. Sites 1 17 and 448 seem always to be glycosy- 
5 f 1982. 65 lated, when the molecule is derived from a host cell 

Using the latter disclosure as a basic tool, numerous capable of effecting glycosylation, while site 184 is 

other researchers have reported on the thus enabled thought to be glycosylated in about 50 percent of the 

preparation of the molecule via recombinant DNA molecules. 
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^ , . , mttnn af However in other circumstances, for example, in the 

The glyc«ylated/unglyc«yUted phenomenon at » ° dia] infarction following rcp erfu- 

site 184 has been demonstrated vta SDS-PAGE analy- therapeutic regimen is less aggressive 

sis. where two bands can be seen, one assented w«h sum, the des jed I* » a ^ ^ 

glycosylated molecules at posmon 184 and the other gjg^*,^ rate) form 0 f ,. PA can be per- 

, ■« lyW, ?^ " , °ir*V t P T2S-JILTfTtirS SvS l a more desirable/ efficient and convenient 

have been designated as Type I and Type II t-PA, re ^' v ~ „ are not m life-threatening 

spectively. This partial glycosylate pattern may -be ttettoot ,n pauems ^ 

the result of site 184 being situated m * ^<**™£ ^SbtdSSe as an agent for bolus administration, 

ally sheltered position ,n the protein. For a more de- J™^™^^^ ^ulance technicians generally 

tafled discussion of the f^^StSZ^ ^S?i«Son capability available, it would be 

see copending U.S. Ser. No. 07/1 l ^\™*^ ,ov - °' ° h more de sirable to employ t-PA-like agents having 

1987, now abandoned, and its parent applications. mucn more oes 

Anotherlocusofscientificnoteisthes^ledprote- « 1 ^ o f^^ doiMinl and glycosylation sites, 
olytic cleavage site within the region defined by ammo AH fJ^^^^^^M^ 
acids 275 to about 279. and more particularly, the bond and ^the ^n^nain/ biological 
between amino acid 275 and 276 of the native molecule. been .?^ n ^ na ™* * . Removal of a sub- 
Si U.S. Ser. No. ™M™™>££^ Sffi^KTSi c^U^dS. results in a 
abandoned, and its parent applications Mutagens* at sumal pon o diminished fibrin binding 
this site so as to make it less susceptible to proteolytic molecule _wrth sum y^ fa ^ 
degradation creates a molecule that reman* m a smgle, characte ^«cs. alb^m r 

or one^hain, form that is thought to have certain ad- ^[^^^ fued Jun. 30, 1987. now aban- 

vantages biologically and commercially. Honed its continuation Ser. No. 07/188,237, now U.S. 

As mentioned above, another plasminogen activator, Jo ^ts—no continuation Ser. No. 

urokinase, has been purified from human unne and 2J ^ ^ 4.93^23 

human kidney cell culture fluids <^£$**£ Z^Z^ont native moiecule so as to destroy 

Seylefs Z PhyaoL Chenu 363: 1 155-1 165 (1 982) ana hain to two ^ h ain cleavage site, as such, results 

Steffens, et al., Hoppe Seylefs .Z PhynoL Chem..l^ £^25" with somewhat altered biological activity 

1043-1058 (1982)) and produced recombinant^ (EPO m a molec ule w, and flbrin 

Publ. No. 154,272 and Holmes et al., Btotechnolosy, 3: J() -^^creSd relative to two^hain t-PA- 

923-929 (1985)). . w it s Ser No 07/071,506, supra. 

Urokinase contains 41 1 ammo acids and is produced see IIS ^ of g)y co Sy la«o„ of proteins for use as 

with an N-terminal leader sequence that ,s cleaved dur- g ^ 0 J cd by Herman and Lasky, 

i„g maturation, resulting in the production of.promgj Wo£ ^"Engineering Glycoproteins for 

nase. Prourokinase is in turn cleaved by plasminto yieM 35 Trendy ^ f 85) However , deletion of 

two urokinase species: one of JjgJ,^ 00 ^ y SsL at positions 117-119, 184-186. and 

daltons and one of molecular weight 33.000 daltons. giycu y resulted in higher specific activity as 

Urokinase has three identifiable domains: a growth 448^50 of t PA > £ * See EPO 

factor domain encompassing positions 5 ; to 49 a krmgle P^^*j£ f the t-PA mutants with 

domain embracing posiuons 50 to 36 and ^ _ senne 40 Pub. No 22 ^ have the N-glyco- 

protease domain encompassmg positions 159 to 411. Asnny. rcm0 ved by DNA modifica- 

Prourokinase similarly consists of these three domains^ ylat.on O-linked caxbo hydrate, were 

See Gunzler et al., supra. The enzymaticaUy active tion but co ^ mela „oma t-PA 

amino acid residues in urokinase have been located at f 0 ^.^^^^' 0 "^ £PO Publ. No. 225,286. 

positions 204, 255, and 356, and an N-linked glycosyla- 45 » g,ycosylation sites, and in 

tion site occurs at Asn302. ^rtirnlar that at amino acid 117, seems invariably to 

When used in large doses, urokinase result in degra- ^T^. TOle^ThSing affec ed solubility charac- 

dation and activation of coagulation and f.bnnolyw esul ^ "^^^^ditionally in an altered circu- 

form of human urokinase prourokmase, described I in 50 ^^AJjing u. S . S er. No. 07/118,098, supra. 

EPO Publ. No. 139,447 and ir 1 /. Biol Chenu, 260: 12377 ucs^ee JJ**^* q{ ( . pA b Aclettd< 

(,985Missolves thrombi ^fgffiff uJ^S Ml is still active and binds to fibrin as 

tial bleeding. Cell Struc Func 10.151 (1985). —on^i b v A J van Zonneveld et al., Thrombos. Ha- 

A review article on plasmmogen acdvators and se- reported by A. J. an fa ^ 

cond-generation derivatives thereof is Hams. Prolan 55 e ^^ r (1 j omam have also been reported in the 

Engineering, 1: 449^58 (1987). ^Tl terature See EPO Publ. No. 241.209 (des- 

Natural t-PA has a plasma half-life of typically about patent literature^ ^ bl £ (des-51-87 and des- 

six minutes or less, when administered tc , pauents m 5 -87) E p P ^ ^^2 (deletion ^ M or part 0 f the 

therapeutically effective amounts. Prourokinase has a 51-1/3), n, 1 ^ 23J 624 (all of grow th 

Saf half-life. Such a half-life b desirable under cer- 60 N -^^^f^ ^5 EpS Pub'l No. 242,836 and 

tain situations, for example, when acute aggressive ther- ^^nSSfigg (some or all of the 

apy of a life-threatening disease such as niyocarduJ J *P^£v£ domain deleted). In addition. Gething et 

infarction or pulmonary embolism is undertaken. In this f 0 ^^^ , J 1989 at the "Second Interna- 

high-risk situation, patients may be treated who have ^^^ZX'^o^ and Cellular Biology 

significant or unrecognized potential for uncontrolled 65 Activation" meeting at Brookhaven 

blading. If such bleeding occurred, drug admuustra- Wand. N.Y., Apr. 17-21. 

tion could be stopped and the causative t-PA levels NauonaM^^ J£S ^ ^aginc at posi- 

would be rapidly depleted by high clearance rates. 1989, that the t r a van 
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tion 67 is expected to display a significantly longer 
circulatory half-life than wild-type t-PA. 

It has further been shown that t-PA can be modified 
both in the region of the first kringle domain and in the 
growth factor domain, resulting in increased circula- 5 
tory half-life and thus slower clearance rate). See EPO 
Pat Publ. No. 241,208 published Oct. 14, 1987. The 
region between amino acids 5 1 and 87, inclusive, can be 
deleted from t-PA to result in a variant having slower 
clearance from plasma. Browne et al., / Biol Chem., 10 
263:1599-1602 (1988). Also, t-PA can be modified, 
without adverse biological effects, in the region of 
amino acids 67 to 69 of the mature, native t-PA, by 
deletion of certain amino acid residues or replacement 
of one or more amino acids with different amino acids. 1 5 
See EPO Pat. Publ. No. 240,334 published Oct. 7, 1987. 
Moreover, when the entire or a partial epidermal 
growth factor domain of the human prourokinase pro- 
tein is deleted or replaced by one or more different 
amino acid residues, the resultant variants exhibit in- 20 
creased half-life in blood. See EPO Pat. Publn. No. 
253,241 published Jan. 20, 1988. 

There is a current and continuing need in the art to 
identify specific sites within plasminogen activator mol- 
ecules that can be modified to impart to the molecules 25 
improved pharmacokinetic characteristics over the na- 
tive molecule. Such variant molecules would provide 
medical science important new alternatives in the treat- 
ment of cardiovascular disease and numerous other 
medical conditions that arise from thromboembolic 30 
occlusion of blood vessels. 

Accordingly, it is an object of this invention to pro- 
vide plasrninogen activator molecules to patients requir- 
ing clot-dissolving agents that exhibit improved thera- 
peutic and pharmaceutical characteristics. 35 

Another object is to provide plasminogen activator 
molecules with a longer half-life and slower clearance 
rate from plasma relative to that of currently available 
clot-dissolving agents. 

It is another object to provide for the treatment of 40 
conditions that admit the use of clot-dissolving agents 
having longer circulatory half-lives and slower clear- 
ance rates from plasma relative to natural t-PA, for 
example, conditions such as deep vein thrombosis or 
peripheral arterial thrombosis (peripheral vascular dis- 45 
ease). 

These and other objects will be apparent to one of 
ordinary skill in the art. 

SUMMARY OF THE INVENTION 50 

These objects are achieved by the provision of a 
plasminogen activator amino acid sequence variant that 
exhibits fibrinolytic activity and contains one or more 
glycosylation sites at regions that are not glycosylated 
in the corresponding native plasrninogen activator. 55 

In one preferred embodiment, such glycosylation is at 
a site containing a Asn-X-Ser or Asn-X-Thr tripeptidyl 
sequence of the variant, wherein X is any amino acid 
except proline. 

In another embodiment, the plasminogen activator is 60 
glycosylated within its finger, growth factor or kringle 
1 domain. 

In still another embodiment, the plasminogen activa- 
tor is t-PA, and the tyrosine residue at position 67, num- 
bered in accordance with the native amino acid se- 65 
quence of t-PA, is substituted with another amino acid 
capable of glycosylation, such as asparagine, serine, or 
threonine, preferably asparagine. 
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In still another embodiment, the plasminogen activa- 
tor is t-PA, and the residue at position 50 or 103, num- 
bered in accordance with the native amino acid se- 
quence of t-PA, is substituted with an asparagine resi- 
due. 

In still another embodiment, the plasminogen activa- 
tor is t-PA, and the residue at position 39 or 60, num- 
bered in accordance with the native amino acid se- 
quence of t-PA, is substituted with a serine residue. 

In other embodiments, this invention relates to a 
DNA sequence encoding the variant described above, 
replicable expression vectors capable of expressing the 
DNA sequence in a transformant host cell, and micro- 
organisms and cell cultures transformed with the vec- 
tor. 

In yet another embodiment, the invention is directed 
to a composition for treating a vascular disease or con- 
dition comprising a therapeutically effective amount of 
the variant herein in admixture with a pharmaceutically 
acceptable carrier. 

In still another embodiment, the invention provides a 
method of treating a vascular disease or condition in a 
patient comprising administering the above composi- 
tion containing the variant to the patient. 

The present invention is based, inter alia, upon spe- 
cific successful research demonstrating that glycosyla- 
tion at a site of the plasminogen activator that is not 
ordinarily glycosylated in the native molecule results in 
variants that have an extended circulatory half-life and 
slower clearance rate as compared with the native ma- 
terial. The results are molecules that differ substantially 
from the native material in overall amino acid sequence, 
but exhibit pharmacokinetic properties to a degree per- 
mitting their commercialization in conjunction with or 
as an alternative to the native material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts the N-linked glycosylation patterns of 
proteins produced from mammalian cells (a) and yeast 
(b), where SA is sialic acid, Gal is galactose, Man is 
mannose, GlcNAc is N-acetyl glucosamine, and Asn is 
asparagine. 

FIG. 2 depicts the primary structure of t-PA showing 
the location of the five domains, the disulfide bridging, 
and the glycosylation sites. 

FIG. 3 depicts the primary structure of human uroki- 
nase showing the location of the three domains, the 
disulfide bridging, and the glycosylation site. 

FIGS. 4a, 4*, 5a and Sb are schematic representations 
of a suitable method for the preparation of pCISt-PA, 
together with a description of certain of its prominent 
restriction sites. 

FIG. 6 is a schematic representation of a suitable 
method for the preparation of p7-lH, together with a 
description of certain of its prominent restriction sites. 

FIG. 7 shows in vitro clot lysis results and S-2251 
results, expressed as a percent of native specific activity, 
for rt-PA and glycosylated N67 t-PA. Results show 
averages of several independent observations (clot lysis, 
four determinations; S-2251, two determinations). All 
were from material expressed transiently in 293 cells 
and quantified by ELISA. 

FIG. 8 shows fibrin binding of rt-PA and glycosy- 
lated N67 t-PA at a t-PA concentration of 10 ng/ml. 
Both were expressed transiently in 293 cells. 

FIGS. 9A-9C show the reverse phase HPLC profiles 
of tryptic mapping analysis of reduced and carboxyme- 
thylated rt-PA, N67 tPA, and N-glycanase-treated (de- 



glycosylated) N67 tPA, respectively. All were ex- 
pressed transiently in 293 cells. 

FIG. 10 shows the pharmacokinetic profiles, in rab- 
bits, of rt-PA, des (1-44) t-PA, des 1-44E275 t-PA, des 
1-44E275D184, and glycosylated N67 t-PA, all except 
N67 t-PA expressed in stable CHO cell lines. The N67 
material was obtained via transient expression in 293 
cells. 

FIG. 11 shows the pharmacokinetic profiles, in mice, 
of various t-PA variants and wild-type t-PA expressed 
transiently in 293 cells. The solid circles represent 
N103, the solid squares represent S60, and the open 
squares represent wild-type t-PA. The blood volume of 
the mouse into which the labeled t-PA molecule will 
distribute (or dilute) was calculated by determining 
experimentally the initial volume of distribution based 
on slowly cleared protein with monoexponental decay 
kinetics, in this case serum albumin. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 
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35 



40 



A. Definitions 

As used herein, "plasminogen activator" refers to a 
protein that is capable of converting plasminogen to 
plasmin. Examples of such plasminogen activators in- 
clude tissue-type plasminogen activator, urokinase, 
prourokinase, from any species, preferably human; 
streptokinase; and the like. These plasminogen activa- 
tors may be produced, e.g., by recombinant cell culture 
systems, in bioactive forms. It will be understood that 
natural allelic variations exist and occur from individual 
to individual, demonstrated by (an) amino acid differen- 
ces) in the overall sequence. 

The expression "glycosylation sites at regions that are 
not glycosylated in the corresponding native plasmino- 
gen activator" refers to glycosylation sites, whether 
N — or O — linked, whether from yeast or mammalian 
hosts, and whether of complex, high mannose, or hy- 
brid structure, that potentially or actually are glycosy- 
lated and are located in regions not actually or poten- 
tially glycosylated in the native molecule. Such actual 
or potential glycosylation sites in native t-PA and in 
native urokinase are indicated by circles in FIGS. 2 and 
3, respectively. Thus, for example, while there are four 45 
potential sites for N-glycosidic linkage in the t-PA mol- 
ecule (at Asnll7, Asnl84, Asn218, and Asn448), only 
three are actually glycosylated in the native t-PA 
(117,184 (in 50% of the molecules) and 448). While 
potentially a glycosylation site, the Asn2 1 8-Pro-Ser site 50 
in t-PA is not utilized for carbohydrate attachment in 
mammalian cells because of the presence of the proline 
in the sequence. See G. Pohl et a!., Biochemistry, 23: 
3701 (1984). In urokinase the glycosylation site occurs 
at position 302. 

As used herein, "growth factor domain" refers to that 
region of the plasminogen activator that is structurally 
homologous with human and/or murine epidermal 
growth factors. See, e.g., Banyai et al., FEBS Lett, 163: 
37 (1983). In t-PA, this region is from amino acids about 
44 to about 91; in prourokinase, this region is from about 
the N-terminal serine to about the 49th amino acid resi- 
due threonine; and in urokinase, this region is from 
about 5 to about 49. The DNA encoding a major por- 
tion of this domain in t-PA (residues 51 to 86) and par- 
tially encoding residues 50 and 87 is contained on a 
single exon, as reported by Ny et al., Proc Natl Acad. 
Sci (U.S.A.), 81: 5355 (1984). 
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As used herein, "kringle 1 domain" refers to that 
region of t-PA that ranges from amino acids about 92 to 
about 173, and the "kringle domain" of urokinase refers 
to the region encompassing positions 50 to 136 of that 
molecule. 

As used herein, the terms "human tissue plasminogen 
activator," "human t-PA," and "t-PA" denote human 
extrinsic (tissue-type) plasminogen activator having five 
functional regions consisting of a protease domain that 
is capable of converting plasminogen to plasmin, a krin- 
gle 1 -containing domain, a kringle 2-containing domain 
believed to be responsible for fibrin binding, a finger 
domain and a growth factor domain. These three terms 
therefore include polypeptides containing these func- 
tional domains as part of the overall sequence. 

A "two-chain cleavage site" in t-PA comprises at 
least the arginine residue at position 275. However, 
various amino acids adjacent to or within several resi- 
dues of position 275 are also believed to be a part of the 
domain recognized by enzymes that convert plasmino- 
gen activator to its two-chain form. Thus, replacement 
of amino acids at positions other than 275 within the 
domain could result in mutant plasminogen activators 
that are resistant to conversion to the two-chain form. 

In the particular embodiment, "single-chain plasmin- 
ogen activator mutant" is a plasminogen activator that 
is resistant to conversion to the two-chain form. It is 
characterized by single or multiple amino acid substitu- 
tions at the two-chain activation site. As modified, such 
an activation site is not enzymatically recognized, and, 
therefore, not hydrolyzed by enzymes that normally 
convert plasminogen activator to its two-chain form. A 
noted example of such a mutant is a molecule resistant 
to cleavage at the 275/276 cleavage site by imposed 
modifications in the 275 to 279 region, for example, 
having an amino acid other than arginine such as gly- 
cine or glutamic acid at position 275 and glutamic acid 
at position 275 and isoleucine at position 277 (desig- 
nated G275, E275, and E275,I277, respectively). These 
single-chain mutants are more fully described in co- 
pending U.S. Ser. No. 07/071,506, supra. 
B. General Methods 
1. Glycosylation 

The plasminogen activator amino acid sequence vari- 
ant must contain at least one amino acid sequence that 
has the potential to be glycosylated through an O — or 
N — linkage and that is not normally glycosylated in the 
native molecule. 

If N-linked glycosylation is contemplated, the glyco- 
sylation site in the variant is a tripeptidyl sequence of 
the formula: asparagine-X-serine or asparagine-X-threo- 
nine, wherein asparagine is the acceptor and X is any of 
the twenty genetically encoded amino acids except 
proline, which prevents glycosylation. See D. K. 
Struck and W. J. Lennarz, in The Biochemistry of Glyco- 
proteins and Proteoglycans, ed. W. J. Lennarz, Plenum 
Press, 1980, p. 35; R. D. Marshall, Biocherru Soc. Symp., 
40:17 (1974); and Winzler, R. J., in Hormonal Proteins 
and Peptides (ed. Li, C. I.) p. 1-15 (Academic Press, 
New York, 1973). The amino acid sequence variant 
herein is modified by either inserting the appropriate 
amino acid(s) at the proper site(s) to effect the glycosy- 
lation (as by adding the asparagine-X-serine(threonine) 
tripeptide after position 103 to make the surface loop 
larger and more exposed) or substituting for the amino 
acid(s) at the appropriate site(s) the appropriate amino 
acids to effect glycosylation. 
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If O — linked glycosylation is to be employed, O — 
glycosidic linkage occurs in animal cells between 
N — acetylgalactosamine, galactose, or xylose and one 
of several hydroxyamino acids, most commonly serine 
or threonine, but also in some cases a 5-hydroxyproline 5 
or 5-hydroxy lysine residue placed in the appropriate 
region of the molecule. 

Glycosylation patterns for proteins produced by 
mammals are described in detail in The Plasma Proteins: 
Structure. Function and Genetic Control F. W. Putnam, 10 
ed. f 2nd edition, volume 4 (Academic Press, New York, 
1984), p. 271-315, the entire disclosure of which is in- 
corporated herein by reference. In this chapter, as- 
paragine-linked oligosaccharides are discussed, includ- 
ing their subdivision into at least three groups referred 15 
to as complex, high mannose, and hybrid structures, as 
well as O — glycosidically linked oligosaccharides. 

Chemical and/or enzymatic coupling of glycosides to 
proteins can be accomplished using a variety of acti- 
vated groups, for example, as described by Aplin and 20 
Wriston in CRC Crit Rev. Biochem,, pp. 259-306 
(1981), the disclosure of which is incorporated herein 
by reference. The advantages of the chemical coupling 
techniques are that they are relatively simple and do not , 
need the complicated enzymatic machinery required for 25 
natural O — and N — linked glycosylation. Depending 
on the coupling mode used, the sugar(s) may be at- 
tached to (a) arginine or histidine, (b) free carboxyl 
groups such as those of glutamic acid or aspartic acid, 
(c) free sulfhydryl groups such as those of cysteine, (d) 30 
free hydroxy! groups such as those of serine, threonine, 
or hydroxyproline, (e) aromatic residues such as those 
of phenylalanine, tyrosine, or tryptophan, or (f) the 
amide group of glutamine. These methods are described 
more fully in PCT WO 87/05330 published Sep. 11, 35 
1987, the disclosure of which is incorporated herein by 
reference. 

Glycosylation patterns for proteins produced by 
yeast are described in detail by Tanner and Lehle, Bio- 
chim, Biophys. Acta, 906(1): 81-99 (1987) and by 40 
Kukuruzinska et al., Annu, Rev. Biochem., 56: 915-944 
(1987), the disclosures of which are incorporated herein 
by reference. 

In addition, FIG. 1 depicts a comparison of the N — 
linked glycosylation patterns of proteins produced in 45 
mammalian cells versus yeast. 

2. Amino Acid Sequence Variants 

For purposes of discussing the variants herein, refer- 
ence is made to FIGS. 2 and 3, which respectively 
illustrate the primary structures of t-PA and human 50 
urokinase. 

In FIG. 2, the letters in the circles are single-letter 
amino acid codes, the connecting lines between chains 
indicate disulfide bridging, the open circles indicate 
glycosylation sites, and the designations F, GF, Kl, K2, 55 
and SP indicate, respectively, the finger, growth factor, 
kringle 1, kringle 2, and serine protease domains. 

In FIG. 3, the letters in the circles are single-letter 
amino acid codes, the connecting line between chains 
indicates disulfide bridging, the open circle indicates a 60 
glycosylation site, and the designations GF, K and SP 
indicate, respectively, the growth factor, kringle, and 
serine protease domains. 

For purposes of shorthand designation of plasmino- 
gen activator variants described herein, it is noted that 65 
numbers refer to the amino acid residue/position along 
the amino acid sequences of putative mature t-PA (EPO 
Publ. No. 93,619), mature human urokinase, and 



prourokinase. Amino acid identification uses the single- 
letter alphabet of amino acids, i.e.. 



Asp 


D 


Aspartic acid 


lie 




Isoleucine 


Thr 


T 


Threonine 


Leu 


L 


Leucine 


Ser 


S 


Serine 


Tyr 


Y 


Tyrosine 


Glu 


E 


Glutamic acid 


Phe 


F 


Phenylalanine 


Pro 


P 


Proline 


His 


H 


Histidine 


Gly 


G 


Glycine 


Lys 


K 


Lysine 


Ala 


A 


Alanine 


Arg 


R 


Arginine 


Cys 


C 


Cysteine 


Trp 


W 


Tryptophan 


Val 


V 


Valine 


Gin 


Q 


Glutamine 


Met 


M 


Methionine 


Asn 


N 


Asparagine 



The number following such single letters refers to the 
amino acid position, e.g., D184 means a variant having, 
inter alia, an aspartic acid at position 184. 

While the glycosylation site(s) for purposes of this 
invention may be any site(s) within the molecule that is 
not already or potentially glycosylated in the corre- 
sponding native protein, it is preferably in a position of 
the molecule that is exposed to the exterior. Such re- 
gions include, e.g., amino acid positions 57 to 63 to 69, 
and 78 to 82 (within the growth factor domain) of t-PA. 
These regions correspond to loops A, B, and C, respec- 
tively, of the type 1 growth factor domains shown in 
FIG. 2 of Appella et al., FEBS Letters, 231: 1-4 (1988), 
the disclosure of which is incorporated herein by refer- 
ence. Thus, for O — linked glycosylation, one or more 
amino acids in these regions is replaced or supple- 
mented with a serine, threonine, or 5-hydroxylysine 
residue. 

Exemplary variants for N-linked glycosylation that 
employ these regions (where urokinase means human 
urokinase and also includes human prourokinase) in- 
clude: S39 t-PA, N50 t-PA, S60 PA, S17 urokinase, T60 
t-PA, T17 urokinase, N64S66 t-PA, N64T66 t-PA, S24 
urokinase, T24 urokinase, N65S67 t-PA, N65T67 t-PA 
N23S25 urokinase, N23T25 urokinase, N67 t-PA 
N67T69 t-PA, N25 urokinase, N25T27 urokinase 
N78S80 t-PA, N78T80 t-PA, N36S38 urokinase, 
N36T38 urokinase, N79S81 t-PA, N79T81 t-PA 
N37S39 urokinase, N37T39 urokinase, N80S82 t-PA 
N80T82 t-PA, N38S40 urokinase, N38T40 urokinase, 
N103 t-PA, or any combination of one loop with an 
other, such as, e.g., S60N65T67 t-PA, N67N103 t-PA 
or S6ON78S80 t-PA. 

In one preferred embodiment, the N-linked glycosy 
lation site is the tyrosine-phenylalanine-serine tripepti 
dyl sequence at positions 67 to 69 of t-PA, and positions 
25 to 27 of human urokinase and human prourokinase. 
In another preferred embodiment, the N — linked glyco 
sylation site is the site at position 39 of t-PA, positions 
50 to 52 of t-PA, position 60 of t-PA, and positions 103 
to 105 of t-PA. 

The plasminogen activator variants herein, in addi- 
tion to being altered from the native sequence at one or 
more sites so as to effect potential or actual glycosyla- 
tion at those sites where they are not ordinarily glycosy- 
lated, also optionally contain substitutions, deletions, or 
insertions of residues in other regions of the native se- 
quence to improve certain properties of the molecule. 

For example, the t-PA variants herein may be de- 
glycosylated at known glycosylation sites, such as by 
removal of the glycosylation site(s) at positions 1 1 7, 
184, 448, and 218. 

As another example, the t-PA variants herein may be 
devoid of at least a portion of the finger domain, and/or 
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devoid of glycosylation potential at the glycosylation 
site surrounding amino acid 1 84, and may exhibit resis- 
tance to proteolytic cleavage at the site surrounding 
amino acids 275 and 276 and/or having amino acid 
modifications in the putative lysine binding site of krin- 5 
gle 2. 

In addition, fibrin binding of t-PA can be modulated, 
most preferably restored or increased, by appropriate 
substitutions of positively or negatively charged amino 
acid residues on the opposite edges of the putative li- 10 
gand binding pocket of t-PA. The variants herein are 
generally prepared by site-directed mutagenesis or by 
excision/ligation techniques described further hereinaf- 
ter. 

Specific examples of such t-PA variants include a 15 
molecule devoid of amino acids 1 to 44 (designated des 
1-44), a molecule having aspartic acid at position 1S4 
(designated D184), and a single-chain plasminogen acti- 
vator mutant. Variants devoid of amino acids 1 to 44 are 
described more fully in copending U.S. Ser. No. 68,448, 20 
supra, now abandoned. 

All of the above t-PA variants are optionally modi- 
fied in various other regions of the molecule, for exam- 
pie: 

1. Kringle 1 modifications, for example, deletion of 25 
about 92 to 179, and/or 

2. Kringle 2 modifications, for example, modification 
in the region of amino acids about 205-215, especially 
210-213, and/or 

3. Amino acids about 244-255, especially 252 or its 30 
site, and/or 

4. Amino acids about 233-242, especially 236-238, 
and/or 

5. Known glycosylation sites such as amino acid 184, 
and/or 35 

6. Modifications that confer one or more of the fol- 
lowing biological activities: zymogenic activity, fibrin 
specificity, or plasma clot specificity, consisting of an 
amino acid alteration (substitution, insertion, or dele- 
tion) in its protease domain as compared with the corre- 40 
sponding wild-type t-PA, which alteration is responsi- 
ble for said biological activity. 

These lattermost variants are described more fully in 
copending U.S. Ser. No. 07/384,608 filed Jul. 24, 1989, 
the disclosure of which is incorporated herein by refer- 45 
ence. Preferably, the substitution is at position(s) 267, 
283+287, 296-299, 303-304, 331-332, 339+342, 
347-349 + 351, 364-366, 408, 410, 416-418, 426-427 +4- 
29-430, 432 +434, 440, 445 +449, 449 + 453, 460+462, 
or 477 of the corresponding wild-type t-PA, where the 50 
**+" indicates alterations only at the positions desig- 
nated, and the "-" indicates alterations at all positions 
designated. 

Particular embodiments of the above-noted t-PA 
variants, with asparagine at position 67 or 103, are: des 55 
1-44N67D184G275 t-PA, des 1^4N103D184G275 
t-PA; des 1-44N67D184E275 t-PA, des 1-44N103D1- 
84E275 t-PA; des 1-44N67G275 t-PA, des 
1-44N103G275 t-PA; des 1-44N67E275 t-PA, des 
1-44N103E275 t-PA; des 1-44N67Q275I277 t-PA, des 60 
1-44N103Q275I277 t-PA; des 1^4N67D184E275I277 
t-PA, des 1-44N103D184E275I277 t-PA; des 1- 
44N67E275I277 t-PA, des 1-44N103E275I277 t-PA; 
des 1^4N67R210A211R212R213E275 t-PA, des 
1-44N103R210A211R212R213E275 t-PA; des 65 
1-44N67R210A21 1R212R213E275I277 t-PA, des 
1-44N103R210A211R212R213E275I277 t-PA, des 1- 
44N67K213E275 t-PA, des 1-44N103K213E275 t-PA, 



des 1^4N67K213E275I277 t-PA, des 1-44N103K2- 
13E275I277 t-PA, des 1-44N67R252E275 t-PA, des 
1^4N103R252E275 t-PA, des 1-44N67R252E275I277 
t-PA, des 1-44N103R252E275I277 t-PA, des 1- 
44N67K210E275 t-PA, des 1-44N103K210E275 t-PA, 
des 1-44N67K210E275I277 t-PA, des 1-44N103K2- 
10E275I277 t-PA, des 1- 

44N67R210H211Q212K213E275 t-PA, des 

1-44N103R210H211Q212K213E275 t-PA, des 
1-44N67R210H21 1Q212K213E275I277 t-PA, des 
1 -44N 1 03R2 1 0H2 1 1 Q2 12K2 1 3E275I277 t-PA, des 
l^t4N67D184R210A211R212R213R252E275 t-PA, des 
1 -44N 103D 1 84R2 10A2 1 1 R2 1 2R2 1 3R252E275 t-PA, 
des 1 -44N67D 1 84R2 10A2 1 1 R21 2R2 1 3R252E275I277 
t-PA, des 1-44N103D184R210A211R212R213R2- 
52E275I277 t-PA, N67-des 92-179D184R2- 
10A2 1 1 R2 1 2R2 1 3R252E275 t-PA, N 103-des 
92-179D184R210A211R212R213R252E275 t-PA. 
N67A267 t-PA, N103A267 t-PA, N67A283A287 t-PA, 
N 103 A283 A287 t-PA, N67A296A297AA298A299 
t-PA, N103A296A297A298A299 t-PA, N67A303A304 
t-PA, N103A303A304 t-PA, N67A331A332 t-PA, 
N103A331A332 t-PA, N67A339A342 t-PA, N103A33- 
9A342 t-PA, N67A347A348A349A351 t-PA, 
N103A347A348A349A351 t-PA, N67A364A365A366 
t-PA, N103A364A365A366 t-PA, N67A408 t-PA, 
N103A4O8 t-PA, N67A410 t-PA, N103A410 t-PA, 
N67A416A417A418 t-PA, N103A416A417A418 t-PA, 
N67A426A427A429A430 t-PA, N103A426A427A42- 
9A430 t-PA, N67A432A434 t-PA, N103A432A434 
t-PA, N67A440 t-PA, N103A44O t-PA, N67A445A449 
t-PA, N103A445A449 t-PA, N67A449A453 t-PA, 
N103A449A453 t-PA, N67A460A462 t-PA, N103A46- 
0A462 t-PA, N67A477 t-PA, N103A477 t-PA, or the 
N184 and SI 84 analogues thereof, and combinations 
thereof. 

Many of these modifications may significantly alter 
clearance rates and fibrin binding relative to native 
t-PA. The practitioner skilled in the art will be able to 
determine by the appropriate assay what the optimum 
properties of each variant are that are desired in any 
particular instance. 

The modification to change or insert the appropriate 
amino acid(s) in the native molecule to effect the above 
sequence variations is accomplished by any means 
known in the art, such as, e.g., site-directed mutagenesis 
or ligation of the appropriate sequence into the DNA 
encoding the relevant protein, as described below. 

3. Site-Specific Mutagenesis 

Preparation of t-PA variants in accordance herewith 
is preferably achieved by site-specific mutagenesis of 
DNA that encodes an earlier prepared variant or a 
nonvariant version of the protein. Site-specific muta- 
genesis allows the production of t-PA variants through 
the use of specific oligonucleotide sequences that en- 
code the DNA sequence of the desired mutation, as 
well as a sufficient number of adjacent nucleotides to 
provide a primer sequence of sufficient size and se- 
quence complexity to form a stable duplex on both sides 
of the junction being traversed. Typically, a primer of 
about 20 to 25 nucleotides in length is preferred, with 
about 5 to 10 residues on both sides of the junction of 
the sequence being altered. In general, the technique of 
site-specific mutagenesis is well known in the art as 
exemplified by publications such as Adelman et al., 
DNA. 2: 183 (1983), the disclosure of which is incorpo- 
rated herein by reference. 
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As will be appreciated, the site-specific mutagenesis 
technique typically employs a phage vector that exists 
in both a single-stranded and double-stranded form. 
Typical vectors useful in site-directed mutagenesis in- 
clude vectors such as the M13 phage, for example, as 5 
disclosed by Messing et al. f Third Cleveland Symposium 
on Macromolecules and Recombinant DNA, Editor A. 
Walton, Elsevier, Amsterdam (1981), the disclosure of 
which is incorporated herein by reference. These phage 
are readily commercially available and their use is gen- 10 
erally well known to those skilled in the art. Alterna- 
tively, plasmid vectors that contain a single-stranded 
phage origin of replication (Veira et al., Metk Enzymol, 
153:3 (1987)) may be employed to obtain single- 
stranded DNA. 15 

In general, site-directed mutagenesis in accordance 
herewith is performed by first obtaining a single- 
stranded vector that includes within its sequence a 
DNA sequence that encodes the relevant plasminogen 
activator. An oligonucleotide primer bearing the de- 20 
sired mutated sequence is prepared, generally syntheti- 
cally, for example, by the method of Crea et al., Proa 
Natl Acad Set (USA), 75: 5765 (1978). This primer is 
then annealed with the single-stranded t-PA sequence- 
containing vector, and subjected to DNA-polymerizing 25 
enzymes such as £1 coli polymerase I Klenow fragment, 
to complete the synthesis of the mutation-bearing 
strand. Thus, a heteroduplex is formed wherein one 
strand encodes the original non-mutated sequence and 
the second strand bears the desired mutation. This 30 
heteroduplex vector is then used to transform appropri- 
ate cells such as JM101 cells and clones are selected that 
include recombinant vectors bearing the mutated se- 
quence arrangement. 

After such a clone is selected, the mutated t-PA re- 35 
gion is removed and placed in an appropriate vector for 
t-PA production, generally an expression vector of the 
type that typically is employed for transformation of an 
appropriate eukaryotic host. In the context of the pres- 
ent invention, CHO cells or 293 (human kidney cells 40 
described by Graham et al., /. Gen. ViroL 36: 59 (1977)) 
are preferred for the preparation of long-term stable 
t-PA producers. However, the invention is not limited 
to CHO production as it is known that numerous other 
cell types may be employed, particularly where one 45 
desires only transient production of the enzyme for test 
purposes. For example, described below is a transient 
system employing 293 cells that provides a convenient 
system for production of t-PA variants for analytical 
purposes. 50 

4. Cleavage/Ligation Technique 

Another method for making mutations in the DNA 
sequence encoding the plasminogen activator so as to 
introduce a new glycosylation site involves cleaving the 
DNA encoding the plasminogen activator at the appro- 55 
priate position by digestion with restriction enzymes, 
recovering the properly cleaved DNA, synthesizing an 
oligonucleotide encoding the desired amino acid se- 
quence for glycosylation and flanking regions such as 
polylinkers with blunt ends (or, instead of using poly- 60 
linkers, digesting the synthetic oligonucleotide with the 
restriction enzymes also used to cleave the activator- 
encoding DNA, thereby creating cohesive termini), and 
ligating the synthetic DNA into the remainder of the 
pLasminogen-activator-encoding structural gene. 65 

5. Host Cell Cultures and Vectors 

Although Chinese hamster ovary (CHO) expression 
is ultimately preferred for t-PA production, the vectors 



and methods disclosed herein are suitable for use in host 
cells over a wide range of eukaryotic organisms that 
effect glycosylation of proteins. 

In general, of course, prokaryotes are preferred for 
the initial cloning of DNA sequences and constructing 
the vectors useful in the invention. For example, & coli 
K12 strain 294 (ATCC No. 31,446) is particularly use- 
ful. Other microbial strains that may be used include K 
coli strains such as K coli B, and R coli X1776 (ATCC 
No. 31,537). These examples are, of course, intended to 
be illustrative rather than limiting. 

For expression, eukaryotic hosts, such as yeast and 
mammalian cultures, are used. Saccharomyces cerevisiae, 
or common baker's yeast, is the most commonly used 
among eukaryotic microorganisms, although a number 
of other strains are commonly available. For expression 
in Saccharomyces, the plasmid YRp7, for example 
(Stinchcomb et al., Nature, 282:39 (1979); Kingsman et 
al., Gene, 7: 141 (1979); Tschemper et al., Gene, 10:157 
(1980)) is commonly used. This plasmid already con- 
tains the trpl gene that provides a selection marker for a 
mutant strain of yeast lacking the ability to grow in 
tryptophan, for example, ATCC No. 44,076 or PEP4-1 
(Jones, Genetics, 85: 12 (1977)). The presence of the trpl 
lesion as a characteristic of the yeast host cell genome 
then provides an effective environment for detecting 
transformation by growth in the absence of tryptophan. 

Suitable promoting sequences in yeast vectors in- 
clude the promoters for 3-phosphoglycerate kinase 
(Hitzeman et al., /. Biol Chenu. 255:2073 (1980)) or 
other glycolytic enzymes (Hess et al., J. Adv. Enzyme 
Reg., 7: 149 (1968); Holland et al., Biochemistry, 17: 4900 
(1978)), such as enolase, glyceraldehyde-3-phosphate 
dehydrogenase, hexokinase, pyruvate decarboxylase, 
phosphofructokinase, glucose-6-phosphate isomerase, 
3-phosphoglycerate mutase, pyruvate kinase, triose- 
phosphate isomerase, phosphoglucose isomerase, and 
glucokinase. In constructing suitable expression plas- 
mids, the termination sequences associated with these 
genes are also ligated into the expression vector 3' of the 
sequence desired to be expressed to provide polyadeny- 
lation of the mRNA and termination. Other promoters, 
which have the additional advantage of transcription 
controlled by growth conditions, are the promoter re- 
gion for alcohol dehydrogenase 2, isocytochrorae C, 
acid phosphatase, degradative enzymes associated with 
nitrogen metabolism, and the aforementioned glyce- 
raldehyde-3-phosphate dehydrogenase, and enzymes 
responsible for maltose and galactose utilization. Any 
plasmid vector containing yeast-compatible promoter, 
origin of replication and termination sequences is suit- 
able. 

In addition to eukaryotic microorganisms, cultures of 
cells derived from multicellular organisms may also be 
used as hosts. In principle, any such cell culture is work- 
able, whether from vertebrate or invertebrate culture. 
However, interest has been greatest in vertebrate cells, 
and propagation of vertebrate cells in culture (tissue 
culture) has become a routine procedure in recent years 
[Tissue Culture, Academic Press, Kruse and Patterson, 
editors (1973)]. Examples of such useful host cell lines 
are VERO and HeLa cells, Chinese hamster ovary 
(CHO) cell lines, and W138, BHK, COS-7, 293, and 
MDCK cell lines. Expression vectors for such cells 
ordinarily include (if necessary) an origin of replication, 
a promoter located in front of the gene to be expressed, 
along with any necessary ribosome binding sites, RNA 



15 



5,385,732 



16 



splice sites, polyadenylation sites, and transcriptional 
terminator sequences. 

For use in mammalian cells, the control functions on 
the expression vectors are often provided by vital mate- 
rial. For example, commonly used promoters are de- 5 
rived from polyoma, Adenovirus2, and most frequently 
Simian Virus 40 (SV40). The early and late promoters 
of SV40 virus are particularly useful because both are 
obtained easily from the virus as a fragment that also 
contains the SV40 viral origin of replication (Fiers et 10 
al., Nature, 273:113 (1978)). Smaller or larger SV40 
fragments may also be used, provided there is included 
the approximately 250-bp sequence extending from the 
Hindlll site toward the Bgll site located in the viral 
origin of replication. Further, it is also possible, and 15 
often desirable, to utilize promoter or control sequences 
normally associated with the desired gene sequence, 
provided such control sequences are compatible with 
the host cell systems. 

An origin of replication may be provided either by 20 
construction of the vector to include an exogenous 
origin, such as may be derived from SV40 or other viral 
(e.g., Polyoma, Adeno, VSV, BPV) source, or may be 
provided by the host cell chromosomal replication 
mechanism. If the vector is integrated into the host cell 25 
chromosome, the latter is often sufficient. 

In selecting a preferred host cell for transfection by 
the vectors of the invention that comprise DNA se- 
quences encoding both variant t-PA and DHFR pro- 
tein, it is appropriate to select the host according to the 30 
type of DHFR protein employed. If wild-type DHFR 
protein is employed, it is preferable to select a host cell 
that is deficient in DHFR, thus permitting the use of the 
DHFR coding sequence as a marker for successful 
transfection in selective medium that lacks hypoxan- 35 
thine, glycine, and thymidine. An appropriate host cell 
in this case is the CHO cell line deficient in DHFR 
activity, prepared and propagated as described by Ur- 
laub and Chasin, Proa Natl Acad. Set (USA) 77: 4216 
(1980). 40 

On the other hand, if DHFR protein with low bind- 
ing affinity for MTX is used as the controlling sequence, 
it is not necessary to use DHFR-deficient cells. Because 
the mutant DHFR is resistant to methotrexate, MTX- 
containing media can be used as a means of selection 45 
provided that the host cells are themselves methotrex- 
ate sensitive. Most eukaryotic cells that are capable of 
absorbing MTX appear to be methotrexate sensitive. 
One such useful cell line is a CHO line, CHO-K1 
(ATCC No. CCL 61). 50 

Satisfactory amounts of human t-PA are produced by 
cell cultures; however, refinements, using a secondary 
coding sequence, serve to enhance production levels 
even further. The secondary coding sequence com- 
prises dihydrofolate reductase (DHFR) that is affected 55 
by an externally controlled parameter, such as metho- 
trexate, thus permitting control of expression by control 
of the methotrexate (MTX) concentration. 

In terms of choosing the best host for the glycosyla- 
tion, the selection will depend on the type of glycosyla- 60 
tion desired, as, for example, yeast hosts will glycosy- 
late differently from mammalian hosts, in terms of the 
number and types of sugars attached to the protein 
being expressed. 

6. Typical Cloning and Expression Methodology 65 
Employable 

If cells without formidable cell membrane barriers 
are used as host cells, transfection is carried out by the 



calcium phosphate precipitation method as described by 
Graham and Van der Eb, Virology. 52: 546 (1978). How- 
ever, other methods for introducing DNA into cells 
such as by nuclear injection or by protoplast fusion may 
also be used. 

If prokaryotic cells or cells that contain substantial 
cell wall constructions are used, the preferred method 
of transfection is calcium treatment using calcium as 
described by Cohen et al., Proa Natl Acad. Set (USA) 
69:2110(1972). 

Construction of suitable vectors containing the de- 
sired coding and control sequences employ standard 
ligation techniques. Isolated plasmids or DNA frag- 
ments are cleaved, tailored, and religated in the form 
desired to construct the plasmids required. 

Cleavage is performed by treating with restriction 
enzyme (or enzymes) in suitable buffer. In general, 
about 1 ^g plasmid or DNA fragments is used with 
about 1 unit of enzyme in about 20 u-1 of buffer solution. 
(Appropriate buffers and substrate amounts for particu- 
lar restriction enzymes are specified by the manufac- 
turer.) Incubation times of about one hour at 37* C. are 
workable. After incubation, protein is removed by ex- 
traction with phenol and chloroform, and the nucleic 
acid is recovered from the aqueous fraction by precipi- 
tation with ethanol. 

If blunt ends are required, the preparation may be 
treated for 15 dXnutes at 15° C. with 10 units of Poly- 
merase I (Klenow), phenolchloroform extracted, and 
ethanol precipitated. 

Size separation of the cleaved fragments is performed 
using 6 percent polyacrylamide gel described by Goed- 
del et al., Nucleic Acids Res., 8: 4057 (1980). 

For ligation approximately equimolar amounts of the 
desired components, suitably end tailored to provide 
correct matching, are treated with about 10 units T4 
DNA ligase per 0.5 jig DNA. (When cleaved vectors 
are used as components, it may be useful to prevent 
religation of the cleaved vector by pretreatment with 
bacterial alkaline phosphatase.) 

As discussed above, t-PA variants are preferably 
produced by means of specific mutation. Mutants useful 
in the practice of the present invention are formed most 
readily through the use of specific oligonucleotide se- 
quences that encode the DNA sequence of the desired 
mutation, as well as a sufficient number of adjacent 
nucleotides, to provide a sequence of sufficient size and 
sequence complexity to form a stable duplex on both 
sides of the mutation site being traversed. 

For analysis to confirm correct sequences in plasmids 
constructed, the ligation mixtures are typically used to 
transform R coli K12 strain 294 (ATCC 31,446) or 
other suitable K Coli strains, and successful transfor- 
mants selected by ampicillin or tetracycline resistance 
where appropriate. Plasmids from the transformants are 
prepared and analyzed by restriction mapping and/or 
DNA sequencing by the method of Messing et al., Nu- 
cleic Acids Res.. 9: 309 (1981) or by the method of 
Maxam et al., Methods of Enzymology, 65: 499 (1980). 

After introduction of the DNA into the mammalian 
cell host and selection in medium for stable trans feet - 
ants, amplification of DHFR- protein -coding sequences 
is effected by growing host cell cultures in the presence 
of approximately 200-500 nM concentrations of metho- 
trexate, a competitive inhibitor of DHFR activity. The 
effective range of concentration is highly dependent, of 
course, upon the nature of the DHFR gene, protein and 
the characteristics of the host. Clearly, generally de- 
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fined upper and lower limits cannot be ascertained. 503-517, and hybridization as described by T. Maniatts 

Suitable concentrations of other folic acid analogs or et al., 1978, Cell 15; 687-701. 

other compounds that inhibit DHFR could also be used- "Transformation" means introducing DN A into an 

MTX itself is however, convenient, readily available, organism so that the DNA is replicable, either as an 

and effective. 5 extrachromosomal element or chromosomal integrant. 

In order to simplify the examples certain frequently Unless otherwise provided, the method used herein for 

CKxurring methods will be referenced by shorthand transformation of EL coli is the CaCl 2 method of Mandel 

phrases, et al, 1970, / MoL Biol 53: 154. 

"Plasmids" are designated by a lower case p followed "Ligation" refers to the process of forming phos- 

by an alphanumeric designation. The starting plasmids 10 phodiester bonds between two double-stranded nucleic 

herein are commercially available, are publicly avail- acid fragments (T. Maniatis et al., supra., p. 146). Unless 

able on an unrestricted basis, or can be constructed from otherwise provided, ligation may be accomplished 

such available plasmids in accord with published proce- using known buffers and conditions with 10 units of T4 

dures. In addition, other equivalent plasmids are known DNA ligase ("ligase") per 0.5 u-g of approximately 

in the art and will be apparent to the ordinary artisan. 15 equimolar amounts of the DNA fragments to be ligated. 

"Digestion" of DNA refers to catalytic cleavage of "Preparation" of DNA from transfonnants means 

the DNA with an enzyme that acts only at certain loca- isolating plasmid DNA from microbial culture. Unless 

tions in the DNA. Such enzymes are called restriction otherwise provided, the alkaline/SDS method of 

enzymes, and the site for which each is specific is called Maniatis et al., supra., p. 90,. may be used, 

a restriction site. The various restriction enzymes used 20 "Oligonucleotides" are short-length single- or dou- 

herein are commercially available and their reaction ble-stranded polydeoxynucleotides that are chemically 

conditions, cofactors and other requirements as estab- synthesized by known methods and then purified on 

Iished by the enzyme suppliers were used. Restriction polyacrylamide gels, 

enzymes commonly are designated by abbreviations C. Purification 

composed of a capital letter followed by other letters 25 The t-PA variant preferably is recovered from the 

representing the microorganism from which each re- culture medium as a secreted protein, although it also 

striction enzyme originally was obtained and then a may be recovered from host cell lysates when directly 

number designating the particular enzyme. In general, expressed without a secretory signal. When the variant 

about 1 jig of plasmid or DNA fragment is used with is expressed in a recombinant cell other than one of 

about 2 units of enzyme in about 20 pi of buffer solution. 30 human origin, the variant is thus completely free of 

Appropriate buffers and substrate amounts for particu- proteins of human origin. However, it is necessary to 

lar restriction enzymes are specified by the manufac- purify the variant from recombinant cell proteins in 

turer. Incubation times of about 1 hour at 37* C. are order to obtain preparations that are substantially ho- 

ordtnarily used, but may vary in accordance with the mogeneous as to protein. As a first step, the culture 

supplier's instructions. After incubation, protein is re- 35 medium or lysate is centrifuged to remove particulate 

moved by extraction with phenol and chloroform, and cell debris. 

the digested nucleic acid is recovered from the aqueous The variant is then purified from contaminant soluble 

fraction by precipitation with ethanol. Digestion with a proteins, for example, by fractionation on immunoaf- 

restriction enzyme infrequently is followed with bacte- finity or ion exchange columns; ethanol precipitation; 

rial alkaline phosphatase hydrolysis of the terminal 5' 40 reverse phase HPLC; chromatography on silica or on a 

phosphates to prevent the two restriction cleaved ends cation-exchange resin such as DEAE; chromatofocus- 

of a DNA fragment from "circularizing" or forming a ing; SDS-PAGE; ammonium sulfate precipitation; or 

closed loop that would impede insertion of another gel electrophoresis using, for example, Sephadex G-75. 

DNA fragment at the restriction site. Unless otherwise A protease inhibitor that does not interfere with the 

stated, digestion of plasmids is not followed by 5' termi- 45 t-PA activity such as phenylmethylsulfonyl fluoride 

nal dephosphorylation. Procedures and reagents for PMSF also may be useful to inhibit proteolytic degrada- 

dephosphorylation are conventional (T. Maniatis et al., tion during purification, and antibiotics may be included 

Molecular Cloning: A Laboratory Manual (Cold Spring to prevent the growth of adventitious contaminants. 

Harbor Laboratory; New York, 1982), pp. 133-134). One skilled in the art will appreciate that purification 

"Recovery** or "isolation" of a given fragment of 50 methods suitable for native t-PA may require modifica- 

DNA from a restriction digest means separation of the tion to account for changes in the character of t-PA or 

digest on polyacrylamide or agarose gel by electropho- its variants upon expression in recombinant cell culture, 

resis, identification of the fragment of interest by com- In a preferred embodiment, the t-PA variant is se- 

parison of its mobility versus that of marker DNA frag- creted, and the supernatant is passed over a PBS- 

ments of known molecular weight, removal of the gel 55 preconditioned column of glass beads coupled to anti-t- 

section containing the desired fragment, and separation PA goat polyclonal A6 antibody, the column is equili- 

of the gel from DNA. This procedure is known gener- brated with a buffer, and the t-PA variant is then eluted. 

ally. For example, see R. Lawn et al., 1981, Nucleic D. Pharmaceutical Compositions 

Acids Res. 9:6103-6114, and D. Goeddel et al., 1980, The compounds of the present invention can be for- 

Nucleic Acids Res, 8: 4057. 60 mulated according to known methods to prepare phar- 

"Southern Analysis" is a method by which the pres- maceutically useful compositions, whereby the plasmin- 

ence of DNA sequences in a digest or DN A-containing ogen activator product hereof is combined in admixture 

composition is confirmed by hybridization to a known, with a pharmaceutically acceptable carrier vehicle, 

labelled oligonucleotide or DNA fragment. For the Suitable carrier vehicles and their formulation, inclu- 

purposes herein, unless otherwise provided, Southern 65 sive of other human proteins, e.g., human serum albu- 

analysis shall mean separation of digests on 1 percent min, are described, for example, in Remington's Pharma- 

agarose, denaturation and transfer to nitrocellulose by ceutical Sciences, 16th ed., 1980, Mack Publishing Co., 

the method of E. Southern, 1975, / MoL Biol 98: edited by Oslo et al., the disclosure of which is hereby 
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incorporated by reference. Such compositions will typi- 
cally contain an effective amount of the variant herein, 
for example, from about 0.5 to about 5 mg/ml, together 
with a suitable amount of carrier vehicle to prepare 
pharmaceutically acceptable compositions suitable for 5 
effective administration to the host. The plasminogen 
activator variant herein may be administered parenter- 
ally to subjects suffering from cardiovascular diseases 
or conditions, or by other methods that ensure its deliv- 
ery to the bloodstream in an effective form. 10 

Compositions particularly well suited for the clinical 
administration of variant plasminogen activator prod- 
ucts employed in the practice of the present invention 
include, for example, sterile aqueous solutions, or sterile 
hydratable powders such as lyophilized protein. It is 15 
generally desirable to include further in the formulation 
an appropriate amount of a pharmaceutically accept- 
able salt, generally in an amount sufficient to render the 
formulation isotonic. A pH regulator such as arginine 
base, and phosphoric acid, are also typically included in 20 
sufficient quantities to maintain an appropriate pH, gen- 
erally from 5.5 to 7.5. Moreover, for improvement of 
shelf-life or stability of aqueous formulations, it may 
also be desirable to include further agents such as glyc- 
erol. In this manner, variant t-PA formulations are ren- 25 
dered appropriate for parenteral adrninistration, and, in 
particular, intravenous administration. 

Dosages and desired drug concentrations of pharma- 
ceutical compositions of the present invention may vary 
depending on the particular use envisioned. For exam- 30 
pie, in the treatment of deep vein thrombosis or periph- 
eral vascular disease, "bolus" doses, on the order of 
about 0.05 to about 0.3 mg/kg, will typically be pre- 
ferred with subsequent administrations, on the order of 
about 0.1 to about 0.2 mg/kg, being given to maintain 35 
an approximately constant blood level, preferably on 
the order of about 3 jig/ml. 

However, for use in connection with emergency 
medical care facilities where infusion capability is gen- 
erally not available and due to the generally critical 40 
nature of the underlying disease (e.g., embolism, in- 
farct), it will generally be desirable to provide some- 
what larger initial doses, such as an intravenous bolus 
on the order of about 0.3 mgAg. 

For example, the plasminogen activator variant 45 
hereof may be administered parenterally to subjects 
suffering from cardiovascular diseases or conditions. 
Dosage and dose rate may be parallel to that currently 
in .use in clinical investigations of other cardiovascular, 
thrombolytic agents, e.g., about 1-2 mgAg body 50 
weight as an intravenous or intra-arterial dose over 1.5 
to 12 hours in human patients suffering from myocardial 
infarction, pulmonary embolism, etc. 

As one example of an appropriate dosage form, a vial 
containing 50 mg t-PA, arginine, phosphoric acid, and 55 
polysorbate 80 may be reconstituted with 50 ml sterile 
water for injection and mixed with a suitable volume of 
0.9 percent sodium chloride injection. 

The slower clearance rates of plasminogen activator 
variants herein may be suitable for rapid intravenous 60 
injection, particularly as a bolus, for example. This 
would eliminate the need for complex administration 
procedures and may increase the opportunity for the 
use of the plasminogen activator in settings with limited 
medical equipment such as in emergency vehicles 65 
staffed with paramedic personnel. A slower clearance 
rate of plasminogen activator variants herein may also 
allow lower, safer initial doses and could m a i ntain 
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thrombolytically effective plasma levels for up to 45 
minutes or longer. The variants herein with slower 
clearance rate may also be useful for low-dose extended 
therapy that may be necessary to avoid reocclusion 
following successful acute thrombolysis or for extended 
thrombolysis that may be necessary in cases of periph- 
eral vascular occlusion. 

The following examples are intended merely to illus- 
trate the best mode now known for practicing the in- 
vention, but the invention is not to be considered lim- 
ited thereto. 

All literature citations herein are expressly incorpo- 
rated by reference. 

EXAMPLE I 

A. Preparation and Utilization of Expression Vectors 
for Recombinant Production Of the t-PA Variants 
Hereof 

1. Construction of Plasmid p7-lH 
a) Plasmid pCISt-PA 

Plasmid pCISt-PA was prepared as described, for 
example, in U.S. Sen No. 07/071,506, filed July 9, 1987, 
Supra. In recapitulation, the vector pCIHt-PA contain- 
ing the cytomegalovirus enhancer and promoter, the 
cytomegalovirus splice donor site and intron, the Ig 
variable region splice acceptor site, the cDNA-encod- 
ing t-PA (Pennica et al., Nature,. 301: 214 (1983)) and 
the hepatitis surface antigen polyadenylation and tran- 
scription termination site was constructed first: 

The vector pF8CIS containing the cytomegalovirus 
enhancer (Boshart et al., Cell 41: 520 (1985)) and pro- 
moter (Thomsen et al., Proc Natl Acad. Sci (U.S.A.) 
81: 659 (1984)), the cytomegalovirus splice donor site 
and a portion of an intron (Sternberg et al., /. of Virol, 
49: 190 (1984)), the Ig variable region intron and splice 
acceptor site, the cDNA encoding factor VIII, and the 
SV40 polyadenylation site was constructed. The three 
parts of the construction are detailed below. 

1. The ampicillin resistance marker and replication ori- 
gin of the final vector was derived from the starting 
plasmid pUC13pML, a variant of the plasmid pML 
(Lusky et al., Nature, 293: 79 (1981)). pUC13pML was 
constructed by transferring the poly linker of pUC13 
(Veira et al., Gene, 19: 259 (1982)) to the EcoRI and 
Hindlll sites of pML. A second starting plasmid 
pUC8CMV was the source of the CMV enhancer, pro- 
moter and splice donor sequence. pUC8CMV was con- 
structed by inserting nucleotides 1 through 732 for the 
CMV enhancer, promoter and splice donor sequence 
into the blunted PstI and SphI sites of pUC8— Veira et 
al., supra. Synthetic BamHI-HindlH linkers (commer- 
cially available from New England Biolabs) were li- 
gated to the cohesive BamHI end, creating a Hindlll 
site. Following this ligation a Hindlll-HincII digest was 
performed. This digest yielded a fragment of approxi- 
mately 800 bp that contained the CMV enhancer, pro- 
moter and splice donor site. Following gel isolation, this 
800-bp fragment was ligated to a 2900-bp piece of 
pUC13pML. The fragment required for the construc- 
tion of pF8CIS was obtained by digestion of the above 
intermediate plasmid with Sail and Hindlll. This 3123- 
bp piece contained the resistance marker for ampicillin, 
the origin of replication from pUC13pML, and the 
control sequences for the CMV, including the en- 
hancer, promoter, and splice donor site. 

2. The Ig variable region intron and splice acceptor 
sequence was constructed using a synthetic oligomer. A 
99-mer and a 30-mer were chemically synthesized hav- 
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ing the following sequence for the IgG intron and splice 
acceptor site (Bothwell et al., Cell, 24: 625 (1981)): 

i y- AGTAGC AAGCTTG acgtgtggcaggcttg a . . . 
31 G ATCTGGCCAT AC ACTTG AGTG AC AATG A ... 5 
60 CATCCACTTTGCCTTTCTCTCCACAGGT . . . 
88 GTCCACTCCCAG-3' 

I 3'-CAGGTGAGGGTGCAGCTTGACGTCGTCGGA-5 # 

DNA polymerase I (KJenow fragment) filled in the 
synthetic piece and created a double-stranded fragment 
(Wartell et al., Gene. 9: 307 (1980)). This was followed 
by a double digest of PstI and Hindlll. This synthetic 
linker was cloned into pUC13 (Veira et al., supra) at the 
PstI and Hind I II sites. The clone containing the syn- 
thetic oligonucleotide, labeled pUCIg.10, was digested 
with PstI. A Clal site was added to this fragment by use 
of a PstI -Clal linker. Following digestion with Hindlll 
a 1 18- bp piece containing part of the Ig intron and the 
Ig variable region splice acceptor was gel isolated. 
3. The third part of the construction scheme replaced 20 
the hepatitis surface antigen 3' end with the polyadeny- 
lation site and transcription termination site of the early 
region of SV40. A vector, pUC.SV40, containing the 
SV40 sequences was inserted into pUC8 at the BamHI 
site described in Veira et al., supra. pUC.SV40 was then 25 
digested with EcoRI and Hpal. A 143 -bp fragment 
containing only the SV40 polyadenylation site was gel 
isolated from this digest. Two additional fragments 
were gel isolated following digestion of pSVE.8clD 
(EPO Pub. No. 160,457). The 4.8-kb fragment gener- 30 
ated by EcoRI and Clal digest contains the SV40- 
DHFR transcription unit, the origin of replication of 
pML, and the ampicillin resistance marker. The 7.5-kb 
fragment produced following digestion with Clal and 
Hpal contains the cDNA for Factor VIII. A three-part 35 
ligation yields pSVE.8c24D. This intermediate plasmid 
was digested by Clal and Sail to give a 9611 -bp frag- 
ment containing the cDNA for Factor VIII with the 
SV40 polyadenylation and transcription termination 
sites followed by the SV40 DHFR transcription unit. 40 

The final three-part ligation to yield pF8CIS used: a) 
the 3123-bp Sall-Hindlll fragment containing the origin 
of replication, the ampicillin resistance marker and the 
CMV enhancer, promoter and splice donor; b) the 118- 
bp Hindlll-Clal fragment containing the Ig intron and 45 
splice acceptor; and c) a 9611 -bp Clal-Sall fragment 
containing the cDNA for Factor VIII, SV40 polyade- 
nylation site, and the SV40 DHFR transcription unit. 

Next, the completion of the construction of plasmid 
pCIHt-PA from intermediate plasmid pCla t-PA and 50 
plasmid pF8CIS (above) was undertaken: 

The t-PA cDNA was first cloned into pML to pro- 
vide a Clal site at the 5' end of the gene. To do this, a 
3238-bp Hindlll fragment from pSVpa-DHFR (other- 
wise referred to as pETPFR, supra) was inserted into 55 
the Hindlll site of pML (Lusky et al., supra). Colonies 
were screened for clones that have the 5' end of the 
cDNA juxtaposed to the Clal site. The intermediate 
plasmid was labeled pCLAt-PA. A -tPA cDNA fol- 
lowed by the 3'- polyadenylation regions was isolated as 60 
a Clal-Kpnl fragment of 2870 bp. This fragment was 
ligated to the 5146-bp fragment of pF8CIS. This Clal- 
Kpnl fragment of the CIS vector provided the 5' con- 
trol region, a SV40-DHFR transcriptional unit, the 
ampicillin resistance gene, and the origin region from 65 
pML. See FIG. 4. 

Expression levels of t-PA were obtained by transfect- 
ing CHO or 293 cells with pCIHt-PA, in accordance 



with methods generally known per se and described 
supra. Media from the transfected 293 cells, for exam- 
ple, were assayed, demonstrating that pCIHt-PA pro- 
duced 420 ng/ml of t-PA. 

The vector pCISt-PA containing the cytomegalovi- 
rus enhancer and promoter, the cytomegalovirus splice 
donor site and intron, the Ig variable region splice ac- 
ceptor site, the cDNA encoding t-PA, and the pSV40 
polyadenylation sequence was finally constructed as 
follows: 

The starting vectors for this construction were 
pCIHt-PA and. pF8CIS (Supra). The latter vector has 
the same 5' controls as pCIHt-PA, but includes the 
cDNA for Factor VIII and the SV40 polyadenylation 
site. SacII was used to cleave 3' of the t-PA cDNA. The 
resultant 3' overhang was blunted by T4 polymerase. 
pCIHt-PA was then cut with Clal. This site separates 
the chimeric intron cleaving between the CMV intronic 
sequences and the Ig variable region intron. An 2870-bp 
fragment was gel isolated from the Clal treatment. The 
SV40 polyadenylation site, DHFR, transcription con- 
trol, bacterial origin of replication, and amp r gene, as 
well as the CMV enhancer and promoter and splice 
donor were isolated from pF8CIS. These elements were 
isolated into fragments as a 2525-bp Sal-BamHI frag- 
ment and a Hpal-Sal and 3113-bp fragment. A three- 
part ligation of the Kpnl (blunt)-Clal fragment with the 
Hpal-Sal fragment and Sal to BamHI fragment yields 
pCISt-PA, which was expressed in both CHO and 293 
cells as discussed above for plasmid pCIHt-PA, giving 
55 and 3000 ng/ml of t-PA, respectively. See FIG. 5. 
b) Final Construction of p7-lH 

The plasmid pCISt-PA was digested with Spel, then 
treated with K coli DNA polymerase I large fragment 
(Klenow) and deoxyribonucleoside triphosphates to 
create blunt ends. The resulting linear fragment was 
ligated, using T4 DNA ligase, to the 0.45kb- 
Rsal/Ahalll fragment containing the + strand origin 
from the single-stranded DNA phage, fl, as described in 
Zinder et al., Microbiol REV., 49: 101 (1985). Ligation 
products were isolated with the fl origin inserted in 
both possible orientations at the Spel site of the pCISt- 
PA fragment. A plasmid containing this origin, in such 
an orientation that the anti-sense strand of the t-PA gene 
was packaged into virions in the presence of helper 
phage, was chosen and termed p7-lH. See FIG. 6. 

2. Mutagenesis Examples 

a) Template Preparation 

Plasmid p7-lH was introduced into E coli strain 
JM101 (ATCC No. 33,876) via CaCl 2 -mediated trans- 
formation. These cells were then infected with the 
helper virus M13K07 and single-stranded p7-lH DNA 
was prepared as described by Veira et al., Meth. En- 
zymoL, 153: 3 (1987). Briefly, to 0.3 ml of a saturated 
culture of transformed cells in 2YT broth was added 
10 9 -10 10 pfu of M13K07 and the mixture was incubated 
for 15 min. at 37 s C. 1.5 ml of fresh 2YT broth, contain- 
ing 50 fig/ml carbenicillin, was added and the culture 
was gently shaken for 16 hours at 37* C. After the cells 
were pelleted, phage and packaged plasmid DNA were 
harvested, and single-stranded DNA was prepared as 
described by Anderson, NucL Acids. Res, 9: 3015 
(1981). 

b) Site-directed in vitro Mutagenesis 
Mutagenesis on p7-lH was carried out using the 

oligodeoxyribonucleotide, 5-CAGCAGGCCCT- 
GAATTTCTCAG-3', essentially as described by 
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Zoller et al. f Meth. EnzymoL, 100: 468 (1983), except Tris-HCl (pH 7.5), 1 M NaCl. The t-PA was eluted with 

that the mutant, with the mutation Tyr67— Asn67, was 0. 1 M acetic acid, 0.15 M NaCl, 0.02 M arginine, 0.01% 

identified by colony hybridization rather than plaque Tween 80 (pH 2.0), and fractions were immediately 

hybridization. Mutations were verified by DNA se- neutralized with Tris-base. Fractions were adjusted to 

quencing directly on the single-stranded plasmid DNA 5 O.01% Tween 80 before pooling, 

using the dideoxynucleotide chain termination method B. Biological and Pharmacokinetic Assays 

(Sanger et al., Proa Natl Acad. ScL (U.S.A.) 74: 5463 1. t-PA Quantitation 

(1977)). Protein concentrations were routinely determined by 

3. Expression and Purification an ELISA standardized to native-sequence t-PA (See 

a) Plasmid Preparation 10 EPO Pat. Publ. 93,619, supra). Protein purity and ho- 
Transformed cells were grown to saturation in 500- mogeneity were analyzed by polyacrylamide gel elec- 

ml LB broth containing 50 jig/ml carbenicillin. Cells trophoresis in the presence of sodium dodecyl sulfate 
were pelleted by centrifugation and resuspended in 40 (PAGE-SDS) with the buffer system of Laemmli, Na- 
ml of 50mM glucose, lOmM EDTA, 25 mM Tris-HCl ture, 227: 680 (1970). Typically, 7 to 17% gradient gels 
(pH 8.0). To this suspension was added 60 ml of 1% 15 were used and proteins were visualized with the silver- 
sodium dodecyl sulfate, 0.07 M NaOH, and the mixture staining technique of Morrissey, Anal Biocherru, 1 17: 
was incubated for 2 min at 25° C, then at 10 min. at 0* 307 (1981). The N67 t-PA variant prepared as described 
C. To this 52 ml of 4 M acetic acid, 3 M sodium acetate above was found to be pure and homogeneous by this 
was added and the mixture was incubated for 30 min. at method. 
0* C. This was then centrifuged at 11,500 rpm for 20 20 - 2. S-2251 Assay 

min., the supernatant mixed with two volumes of 100% The ability of t-PA to activate plasminogen can be 

cold ethanol, and the resulting precipitate harvested by measured in an in vitro assay by preincubating t-PA and 

centrifugation. The pellet, containing plasmid DNA plasminogen and then adding the plasmin-specific sub- 

and RNA, was dried and redissolved in 100 mM Tris strate H-D-valyl-H-leucyl-H-lysine-p-nitronilide (S- 

(pH 8.0), 10 mM EDTA, 1 jig/ml RNase A. After the 25 2251). The maximum rate of this reaction is observed in 

resulting solution was clarified by centrifugation, it was the presence of Fibrin(ogen) or fragments of fibrin(ogen) 

adjusted to 0.5 mg/ml in ethidium bromide and an equal that act as stimulators of the reaction, 

weight of CsCl was added. The DNA was then centri- The plasmin-specific substrate S-2251 was used in a 

fuged in a Beckman VTI65 rotor for 16 hours at 55,000 two-stage assay to measure the ability of the sample to 

rpm at 18* C. The DNA band was harvested by side 30 activate plasminogen. Fibrinogen could be used as a 

puncture, extracted with n-butanol to remove the stimulator by incubating the sample with 0.02 ml of a 20 

ethidium bromide, diluted with H2O, and precipitated mg/ml fibrinogen solution in a total volume of 0.12 ml 

by ethanol. DNA was redissolved in 10 mM Tris (pH of 0.05 M Tris-HCl, 0.12 M NaCl, 0.01% Tween 80, pH 

8.0), 1 mM EDTA, to a final concentration of 1 mg/ml. 7.4. 

b) Transfection and Expression 35 Glu-plasminogen solution (commercially available), 
293 cells were grown to confluence. Ten /xg of t-PA 0.03 ml of a 2.0 mg/ml solution in 0.05M Tris, 0.12 M 

mutant plasmid DNA was mixed with 1 ftg of DNA NaCl buffer, pH 8, was then added. After ten min. at 37° 

encoding the VA RNA gene (Thimmappaya et al., Cell C, 0.35 ml of 0.86 mM S-2251 in 0.037 M Tris, 0.086 

31: 543 (1982)) and dissolved in 500 ul of 1 mM Tris- NaCl, 0.007% Tween 80, pH 7.4 was added. This mix- 

HC1, 0.1 mM EDTA, 0.227 M CaCh- Added to this 40 ture was incubated for five minutes; then the reaction 

(dropwise while vortexing) was 500 jxl of 50 mM was stopped by the addition of 0. 1 ml of 50% glacial 

HEPES (pH 7.35), 280 mM NaCl, 1.5 mM NaPCU, and acetic acid. Absorbance at 405 nm was measured. The 

the precipitate was allowed to form for 10 min. at 25° C. activity was expressed as the change in absorbance per 

The suspended precipitate was then added to the cells nanogram per minute in the presence of substrate, 

(in 100 mM plate) and allowed to settle for four hours in 45 The assay was run as described, along with an addi- 

the incubator. The medium was then aspirated off and 2 tional set of samples that did not contain fibrinogen, 

ml of 20% glycerol in phosphate-buffered saline was The stimulation is the ratio of the specific activity of the 

added for 30 sec. The cells were washed twice with 5 sample containing fibrinogen to the specific activity of 

ml of serum-free medium, then fresh medium was added the sample not containing fibrinogen. The results, along 

and the cells were incubated for five days. 50 with clot lysis, are shown in FIG. 7 for both rt-PA and 

For the creation of stable CHO cell lines expressing N67 t-PA. Because the specific activity in vitro of the 

the t-PA variant, the Bglll/Apal fragment containing N67 t-PA appears to be compromised more signifi- 

the bulk of the t-PA coding sequences was ligated to the cantly in the absence of fibrinogen, the percent fibrino- 

6.0-kb Bglll/Apal fragments from the vector gen stimulation (which reflects the ratio of the activity 

pPADHFR-6 (described in EPO Pat. Publn. No. 55 in the presence of fibrinogen to the activity in the ab- 

93,619). The resultant plasmid was then introduced into sence of fibrinogen) is slightly increased over the wild- 

CHO cells and induced to over-express the t-PA variant type rt-PA. 

by amplifying the coding sequence by means of selec- 3. Clot Lysis 

tion in methotrexate^ontaining media. Wild-type and N67 t-PA were assayed for their abil- 

c) Purification 60 ity to lyse fibrin in the presence of saturating concentra- 
Purification of the t-PA product was accomplished tions of plasminogen, according to the method of 

by passing the conditioned medium over a column (1 -ml Carlsen et al.. Anal Biochem, 168: 428 (1988). The in 
bed volume) of controlled pore glass beads to which an vitro clot lysis assay measures the activity of tissue 
an ti -t-PA goat polyclonal A6 antibody (prepared ac- plasminogen activators by turbidimetry using a mi- 
cording to standard methods known per se) had been 65 crocentrifugal analyzer. A mixture of thrombin and 
coupled. Before the medium was loaded, the column t-PA test samples is centrifuged into a mixture of fibrin- 
was equilibrated with phosphate-buffered saline and, ogen and plasminogen to initiate clot formation and 
after loading, the column was equilibrated with 0.1 M subsequent clot dissolution. The resultant profile of 
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absorbance versus time is analyzed to determine the 
assay end point Activities of the t-PA variants were 
compared to a standard curve of rt-P A (EPO Publ. No. 
93,619, supra). The buffer used throughout the assay 
was 0.06 M sodium phosphate, pH 7.4, containing 5 
0.01% (v/v) Tween 80 and 0.01% (w/v) sodium azide. 
Human thrombin was at a concentration of 33 units/mi. 
Fibrinogen (at 2.0 mg/ml clottable protein) was chilled 
on wet ice to precipitate fibronectin and then gravity 
filtered. Glu-plasminogen was at a concentration of 1 10 
mg/ml. The analyzer chamber temperature is set at 37* 
Q The loader is set to dispense 20 ul of rt-PA (about 
500 ng/ml to 1.5 u.g/ml) as the sample for the standard 
curve, or 20 /il of variant rt-PA at a concentration to 
cause lysis within the range of the standard curve. 15 
Twenty u.1 of thrombin was used as the secondary rea- 
gent, and 200 u.1 of a 50:1 (v/v) fibrinogen: plasminogen 
mixture as the primary reagent. The absorbance/time 
program was used with a five-minute incubation time, 
340- /im filter, and 90-intervaI readings. 20 

The results, shown in FIG. 7, indicate that the N67 
variant has about 53% of the clot lysis specific activity 
of normal wild-type t-PA. 

4. Fibrin Binding 

The method for fibrin binding is a modification of the 25 
method described by Rijken et aL J, Biol Chem,, 257: 
2920 (1982). The t-PA sample to be tested is added to a 
solution containing 0.05 M Tris (pH 7.4), 0.12 M NaCl, 
0.01% Tween 80, 1 mg/ml human serum albumin, and 
various concentrations of plasminogen- free fibrin (0, 30 
0.05, 0.1, 0.25, and 0.5 mg/ml). The final volume of the 
reaction mixture was 1 ml. The sample was incubated at 
37* C. for 5 min., followed by the addition of 1 unit of 
thrombin. Hie samples were then incubated for one 
hour at 37* C. The clot was removed by centrifugation, 35 
and the amount of t-PA remaining unbound in the su- 
pernatant was determined by ELISA. 

The data, shown in FIG. 8, are plotted as percent 
t-PA variant bound versus the fibrin(ogen) concentra- 
tions for both N67 t-PA and rt-PA. The results indicate 40 
that the N67 t-PA does not bind to fibrin under the 
assay conditions employed. 

5. Verification of Glycosylation 

The determination of extra glycosylation at aspara- 
gine 67 was done by a tryptic mapping method that 45 
utilizes high performance liquid chromatography 
(HPLC) to resolve a mixture of tryptic peptides into 
individual components or peaks, whose identities and 
composition are known. The addition of carbohydrate 
to a peptide causes an increase in hydrophilicity of that 50 
peptide and consequently a change in the HPLC profile 
(i.e., earlier elution). Individual chromatographic peaks 
containing the isolated peptide were collected and sub- 
jected to amino acid analysis to confirm the identity of 
the peptide and presence of carbohydrate. 55 
a. Sample Preparation. The method of sample prepara- 
tion for tryptic mapping was a modification of Crest- 
field, Stein and Moore, J. Biol. Chem., 238: 622 (1963). 
The protein samples to be analyzed (1.0 mg each) were 
dial y zed overnight into 8 M urea, 0.5 M Tris at pH 8.6 60 
with 2 mM EDTA. The samples were reduced with 10 
mM dithiothreitol (Sigma Chemical Co.) for 2 hours at 
25* C, then S-carboxymethylated with 25 mM iodoace- 
tic acid (Sigma Chemical Co.) at 25* C. in the dark. 
After 30 minutes the alkylation reaction was quenched 65 
by the addition of 20mM dithiothreitol; then the re- 
duced and carboxymethylated (RCM) samples were 
dialyzed overnight in 100 mM ammonium bicarbonate 



at pH 8.3 using dialysis tubing with a 3500 molecular 
weight cut-off. 

b. Treatment with N-Glycosidase F. Reduced and car- 
boxymethylated rt-PA was deglycosylated with N- 
Glycosidase F (Genzyme Corp.) before trypsin diges- 
tion. An aliquot (0.4 mg) of reduced and carboxyme- 
thylated rt-PA was reconstituted in 0.08 mL of 250 mM 
sodium phosphate pH 8.6 containing 10 mM EDTA and 
0.02 percent sodium azide. N-Glycosidase F (5.0 Manu- 
facturer's Units in 0.018 mL of 50 percent glycerol) was 
added to the sample, which was then incubated over- 
night at 37° C. The sample was diluted to 0.4 mL with 
water and dialyzed against 100 mM ammonium bicar- 
bonate prior to trypsin digestion. 

c. Tryptic Digestion. RCM rt-PA was digested in 0. 1 M 
ammonium bicarbonate at ambient temperature with an 
addition of [L-(tosylamido-2-phenyl)ethylchlorome- 
thylketone] (TPCK)-treated trypsin (Cooper Biomedi- 
cal) at an enzyme-to-substrate ratio of 1:100 (w/w), 
followed by a second addition of 1 : 100 after eight hours. 
The digestions were stopped after 24 hours by freezing 
(-70* C). 

d. Chromatography. The HPLC separations were per- 
formed with a Hewlett-Packard 1090 M liquid chro- 
matograph using a 0.4x15 cm Nova PAK, 5 micron, 
C-18 reverse phase column (Waters, Inc.). The elution 
profile was monitored for dual wavelength detection at 
214 and 280 nanometers. A trifluoroacetic acid (TFA) 
solvent system was used, employing 0.1 percent TFA 
(Pierce Chemical) with a linear gradient of 0.08 percent 
TFA in acetonitrile (Burdick & Jackson) at a rate of 0.5 
percent per minute for 50 minutes, followed by a 1.0 
percent per minute linear gradient for 35 minutes at a 
flow rate of 1.0 milliliters per minute. 

e. Amino Acid Analysis. Peptide peaks collected from 
HPLC were characterized by amino acid analysis after 
acid hydrolysis. Hydrolysis was performed by incuba- 
tion of the peptides in constant boiling HC1 for 20 hours 
at 110° C. in vacuo. Analysis of the acid hydrolyzates 
was accomplished with a Beckman 6300 amino acid 
analyzer. 

f. Results. In FIG. 9, the HPLC profiles of tryptic di- 
gests are shown for wild-type RCM rt-PA, N67 mutant 
RCM t-PA and N-glycanase-treated N67 mutant RCM 
t-PA in FIGS. 9A, 9B, and 9C, respectively. All sam- 
ples were produced by transient expression in 293 
human kidney cells. The elution profiles seen in FIGS. 
9A-9C are taken from that segment of the gradient 
where tryptic peptide (56-82) is found to elute for wild- 
type tPA. This peptide (56-82) eluted as a partially 
resolved doublet at 55 minutes as indicated by the arrow 
in FIG. 9A. 

The N67 tPA mutant was examined in similar fashion 
(FIG. 9B) and was shown to have lost the wild-type 
tryptic peptide (56-82) that had eluted at 55 minutes. 
There appeared a corresponding increase in a broad 
peak at 51 minutes as shoulder on a pre-existing peak 
(50.5 minutes). The new peak at 51 minutes was col- 
lected, acid hydrolyzed, and quantitated by amino acid 
analysis. The analysis indicated the presence of amino- 
sugar containing peptide, which was consistent with the 
earlier elution of glycosylated peptide (56-82). 

For confirmation of the glycosylation of the (56-82) 
tryptic peptide, the RCM N67 t-PA mutant was treated 
with N-glycosidase to remove N -linked carbohydrate 
moieties. .The tryptic digest of the glycanase-treated 
mutant protein was analyzed by reverse phase HPLC 
(FIG. 9C). The earlier eluting shoulder at 51 minutes 
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disappeared with N-glycanase treatment and a new 
peak at 54.5 minutes appeared in the tryptic map. The 
slightly earlier elution of N67 (56-82) at 54.5 minutes 
compared to the wild-type tryptic peptide (56-82) at 55 
minutes was consistent with the substitution of tyrosine 
for aspartic acid (Guo et al., J. Chrom., 359: 499-517, 
(1986)). (Although the N67 mutant contains carbohy- 
drate linked to asparagine, after N-glycanase treatment 
the asparagine is converted to an aspartic acid residue.) 
The assignment of the peak in FIG. 9C at 54.5 minutes 
as peptide (56-82) was confirmed by amino acid analy- 
sis. As seen in Table I the observed amino acid composi- 
tion follows closely the expected composition, confirm- 
ing the substitution of tyrosine for asparagine and the 
N-linked glycosylation of that residue at position 67. 

TABLE I 



10 



15 



Amino Acid Composition of Dc- glycosylated 
Tryptic Peptide (N67: 56-82) 



Amino Acid 



Expected Observed 



Carboxymethyl Cysteine" 


4 


3.4 


Aspartate/ Asparagine 


3 


3.0 


Threonine 


1 


1.0 


G lutamate/G lutamine 


4 


4.0 


Proline/Cysteic arid* 


1 


1.3 


Glycine 


4 


3.8 


Alanine 


2 


2.1 


Half-Cystine* 


0 


0.2 


Valine 


1 


1.1 


Methionine 


0 


0.1 


Isoleucine 


0 


0.3 


Leucine 


1 


1.4 


Tyrosine 


0 


0.1 


Phenylalanine 


4 


3.8 


Histidine 


0 


0.2 


Lysine 


1 


1.0 


Arginine 


0 


0.2 
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The values of carboxyrocthylatcd cysteine cystdc *cid and half cystine add to 3.9 
compared to the expected value of 4.0. 
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6. Pharmacokinetics 

Twenty rabbits were assigned randomly to one of 
two treatment groups: rt-PA and glycosylated N67 
t-PA. The proteins were labeled with 125 I to approxi- 
mately 10 /iCi/fig and mixed with 0.1 mg/kg rt-PA to 
decrease nonspecific adsorption of the labeled protein. 
The dose of trichloroacetic acid (TCA) precipitable 
,25 I-protein was nominally 5 fiCi/kg. 

The rabbits had a catheter with a heparin lock in each 
ear. The dose was administered as an IV bolus in one 
catheter, followed by a saline flush. All blood samples 
were obtained from the opposite ear. One ml blood 
samples were obtained at the following times: 0 (before 
the dose) and 2, 5, 15, 30, 45, 60, 75, 90,120, 150, and 180 
minutes after the dose. Saline was used to flush the 
catheters and replace blood volume at each time point. 
The blood samples were put into 1.5 -mi Eppendorf 55 
tubes containing 4.2 mM EDTA and 1 mM PPACK (a 
peptide of phenylalanme-prolme-arginine-chloromethyl 
ketone). The tubes were maintained on ice until centri- 
fuged. After centrifugation, the plasma was removed 
immediately, placed in Eppendorf tubes, and stored on 
ice until the end of the study. Proteins in 100 u-1 of each 
plasma sample were precipitated with TCA. The l25 I 
that was bound to proteins was quantified by counting 
the gamma emissions of each precipitate. The results 
were based on CPM/100 u.1 of sample and converted to 
CPM/ml for data analysis. 

The area under the curve (AUC) for each rabbit was 
computed from 2 to 180 minutes by the trapezoid 



method using the AUC procedure. Clearance was cal- 
culated from the formula CL=Dose/AUC. 

The ranking of terminal half-lives for the 125 I-labeled 
proteins is as follows: rt-PA, N67 t-PA. The actual 
half-life values must be determined from pharmacoki- 
netic studies with unlabeled proteins. FIG. 10 shows the 
plots of CPM/ml versus minutes (normalized by dose) 
for rt-PA and glycosylated N67 t-PA, as well as for des 
1-44 t-PA, des 1-44E275 t-PA, and des 1-44E275D184 
t-PA, for comparison. 

The N67 t-PA was cleared more slowly than the 
wild -type rt-PA from plasma. The ratio of the clearance 
of the N67 t-PA to wild-type rt-PA was 0.63. Conse- 
quently, at equal infusion rates one would have a 1.6- 
fold higher plasma concentration with the N67 t-PA 
compared to wild-type t-PA. 

EXAMPLE II 

1. Construction of pRK7-t-PA 

Plasmid pRK7 was used as the vector for generation 
of the t-PA mutants. This plasmid, described in EP 
278,776 published Aug. 17, 1988, is identical to pRK5 
(EP publication number 307,247 published Mar. 15, 
1989), except that the order of the endonuclease restric- 
tion sites in the poly linker region between Cla I and 
Hind III is reversed. The t-PA cDNA (Pennica et al., 
Nature, 301: 214 (1983)) was prepared for insertion into 
the vector by cutting with restriction endonuclease 
Bind III (which cuts 49 base pairs 5' of the ATG start 
codon) and restriction endonuclease Bal I (which cuts 
276 base pairs downstream of the TGA stop codon). 
This cDNA was ligated into pRK7 previously cut with 
Hind III and Sma I using standard ligation methodol- 
ogy (Mania tis et al., Molecular Cloning: A Laboratory 
Manual Cold Spring Harbor Laboratory, New York, 
1982). This construct was named pRK7-t-PA. 

2. Site-Directed Mutagenesis of pRK7-t-PA 
Site-directed mutagenesis of t-PA cDNA was per- 
formed by the method of Taylor et al., NucL Acids Res., 
13: 8765 (1985) using a kit purchased from the Amer- 
sham Corporation (catalog number RPN 1253). For 
generation of the desired mutants, oligonucleotides of 
sequences coding for the desired amino acid substitu- 
tions were synthesized and used as primers. The oligo- 
nucleotides used were: 



60 



65 



Varianl Oligonucleotide 

N9 5'CTGCG 1 I 1 ' 1 GTTATCTCTGCAG AT 

N18 5'CCATGACTG A 1 1 1 1 GCTGGT AT AT 

S39 5 'CTGTGCCCTGG AACTGTTGC ACCA 

N50 5 CTCGCTGC AATTTTTG AC AGGC AC 

S60 5'CTGGCAGGTGGACCCGTTGAAACA 

N96, S98 5'CCTGT AGCTGG AGCCGTTGTCCTCGTAGC A 

N 103 5T"GTGCTCOKj\TTGCCCCTGTAGCT 

N162 5TGAGCTGTAATTCCCCGCCTTAAA 

N191 5'G AGGCTGTG ATTGCCACGGTAGGC 

S207 5T ATCAGG ATCG AGG AATTCCACGG 

N298 5 ' GGGCG ACCT A TTG TGCTTGGCAAA 



Each oligonucleotide was annealed to single-stranded 
pRK7-tPA that had been prepared by standard proce- 
dures (Viera et al., Meth. En^ t 143: 3 (1987)). A mixture 
of three deoxyribonucleotide triphosphate deox- 
yriboadenosine triphosphate (dATP), deoxyriboguano- 
sine triphosphate(dGTP), and deoxyribothymidine tri- 
phosphate (dTTP), was combined with a modified thi- 
odeoxyribocytosine triphosphate (aS) called dCTP 
which was provided in the Amersham kit. This mixture 
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of deoxynucleotide triphosphate was added to the plas- 
mid/oligonucleotide complex. 

Upon addition of DNA polymerase to this mixture, a 
strand of DNA identical to pRK7-t-PA except for the 
mutated bases was generated. In addition, this new 5 
strand of DNA contained dCTP(aS) instead of dCTP, 
which served to protect it from restriction endonucle- 
ase digestion. After the template strand of the double- 
stranded heteroduplex was nicked with an appropriate 
restriction enzyme, the template strand was digested 10 
with Exo III nuclease past the region that contained the 
mutagenic oligomer. The reaction was then stopped to 
leave a molecule that was only partially single-stranded. 
A complete double-stranded DNA homoduplex mole- 
cule was then formed by DNA polymerase in the pres- 15 
ence of all four deoxyribonucleotide triphosphates, 
ATP. and DNA ligase. 

3. Bacterial Transformation and DNA Preparation 
The t-PA variant constructs generated using the pro- 
tocol above were transformed into K coli host strain 20 
MM294tonA using the standard CaCh procedure 
(Maniatis et al., supra) for preparation and transforma- 
tion of competent cells. The R coli MM294tonA cell 
line, which is resistant to Tl phage, was prepared by the 
incision and subsequent imprecise excision of a In 10 25 
trans poson into the tonA gene. This gene was then 
inserted, using transposon insertion mutagenesis 
(Kleckner et al., /. Mol Biol. 116: 125-159 (1977)), into 

EL coli host MM294 (ATCC 31,446). 

DNA was extracted from individual colonies of bac- 30 
terial transformants using the standard minipreparation 
procedure of Maniatis et al., supra. The plasmids were 
further purified by passage through a Sepharose CL6B 
spin column, and then analyzed by DNA sequencing 
and by restriction endonuclease digestion and agarose 35 
gel electrophoresis. 

4. Transfection of Human Embryonic Kidney. 293Cells 
Human embryonic kidney 293 cells (ATCC No. CRL 

1573) were grown to 70% confluence in 6-welI plates. 
A total of 2.5 u,g of t-PA variant DNA was dissolved in 40 
150 M l of 1 mM Tris-HCl, 0.1 mM EDTA, and 0.227 M 
CaCh- Added to this (dropwise while vortexing) was 
150 u.1 of 50 mM HEPES buffer (pH 7.35), 280 mM 
NaCl, and 1.5 mM NaP04, and the precipitate was 
allowed to form for twenty minutes at 25* C. The sus- 45 
pended precipitate was then added to the cells in the 
individual wells in a 6-well plate and allowed to settle 
for four hours in the incubator. The medium was then 
aspirated off and 1 ml of 20% glycerol in PBS was 
added. After 30 seconds, this solution was aspirated off. 50 
Three volumes of media containing plasminogen-dep- 
leted serum (obtained by removing plasminogen from 
human serum by conventional procedures) was added 
to wash the cells, and this solution was then removed. 
The cells were then placed in fresh media containing 55 
the same serum overnight. The next day, the cells were 
rinsed in PBS and then placed inappropriate growth 
media. After six days, the media was collected and 
assayed. 

If large-scale purification of the variants is required 60 
for production in significant quantities, a useful trans- 
fection procedure is described in Current Protocols in 
Molecular Biology, Ausubel et al., eds. (Wiley Intersci- 
ence, 1988) and modified slightly as follows: A suspen- 
sion of human embryonic kidney 293 cells is grown in a 65 
cell culture medium and concentrated by pelleting. The 
pellet is resus pended to a concentration of about 10 8 
cells per milliliter and the cells are washed as necessary 



in serum-free media. The DNA-dextran solution is 
added at a concentration of about 250 /ig of DNA per 
500 ml of cells, and this mixture is incubated with mild 
agitation at 37° C. for up to 90 minutes. DMSO is added 
to a final concentration of ten percent and, after about 
two minutes, fresh medium is added to dilute the cells to 
about 10 6 per milliliter. Cells are then incubated for up 
to seven days, after which time the supernatant is col- 
lected. 

Purification of these variants maybe accomplished by 
passage of the supernatant over a column of glass beads 
coupled to an ti- t-PA goat polyclonal A6 antibody. The 
column is preconditioned with PBS. After the superna- 
tant is loaded, the column is equilibrated with a Tris- 
saline buffer [0.1M Tris.HCl (pH 7.5) and 1M NaCl]. 
The t-PA variant is then eluted with 0.1M acetic acid, 
0.15 M NaCl, 0.02 M arginine, and 0.01% Tween 80. 
Fractions are immediately neutralized with Tris base 
and adjusted to 0.01% Tween 80. 
05. Biological Assays 

A. t-PA Quantitation 

The amount of t-PA present in the cell culture super- 
natants was determined by the ELISA procedure using 
polyclonal antibodies prepared against wild -type t-PA. 
All of the t-PA variants prepared were found to be pure 
and homogeneous by this method. 

B. S-2288 Assay 

The S-2288 assay was used to measure the proteolytic 
activity of the mutants in both the one- and two-chain 
forms. The S-2288 substrate consists of a small peptide 
linked to a paranitroanilide chromophore. t-PA cleaves 
the bond between the small peptide and the chromo- 
phore. 

Standard curve samples were prepared by diluting 
wild-type rt-PA (recombinant t-PA) with cell culture 
media. The standard curve samples and rt-PA mutant 
samples were added to the wells of a microtiter plate. If 
the assay was used to measure the activity of two-chain 
rt-PA, an incubation step with human plasmin was in- 
cluded in the procedure. Human plasmin (KabiVitrum) 
was added to a final concentration of 0. 1 3 CU (casein 
units)/ml. The samples were incubated for 90 minutes at 
room temperature. For assaying the samples in the sin- 
gle-chain form, the plasmin solution was replaced by 
PBS and the 90-minute incubation was omitted. 

Aprotinin (Sigma, approximately 14 TIU (trypsin 
inhibitor units)/mg) was added to a final concentration 
of 72 u,g/ml to inhibit the plasmin activity, and the 
samples were incubated at room temperature for 15 
minutes. A 2.16mM solution of S-2288 was diluted to 
1.45 mM with 0.1 M Tris, 0.106 mM NaCl, 0.02% so- 
dium azide, pH 8.4, and 100 ul of this solution was 
added to each well of the microtiter plate (final volume 
in each well was 200 pi). Color development was moni- 
tored at 405 nm. The slope of the absorbance versus 
time curve for each sample and standard was deter- 
mined. A standard curve was prepared by plotting the 
slope of the absorbance versus time curve as a function 
of rt-PA concentration for the rt-PA standards. The 
relative activity concentration of the mutants was then 
determined from the standard curve. The activity con- 
centration of each mutant was divided by the concen- 
tration for the mutant obtained in the rt-PA ELISA, 
and the resulting specific activities were expressed rela- 
tive to .wild-type t-PA, which was assigned a value of 
1.0. 

C. S-2251 Assay 
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This assay is an indirect assay for t-PA activity. In 
this assay, plasminogen is converted to plasmin by the 
action of t-PA, and plasmin cleaves the S-225 1 substrate 
to release the paranitroanilide chromophore. Produc- 
tion of this chromophore is then measured over time. 5 

1. Fibrin-Stimulated S-225 1 Assay 

Standard curve samples were prepared as described 
for the S-2288 assay. Samples assayed in the two-chain 
form were incubated with plasmin-Sepharose. Plasmin- 
Sepharose was prepared by coupling approximately 10 
20.8 CU of human plasmin (KabiVitrum) to 1 ml of 
cyanogen bromide activated Sepharose (Pharmacia). 
The plasmin-Sepharose (50 jil of a 5% slurry) was incu- 
bated with shaking for 90 minutes at room temperature 
with 150 ul of sample- Following the incubation, the 15 
resin was removed by centrifugation, and 10 u.1 of sam- 
ple were added to the wells of a microtiter plate. 

For samples assayed in the one-chain form, 50 ul of 
cell culture media were added in place of resin, and the 
incubation step was omitted. Human thrombin (10 ftl of 20 
a 42 unit/ml solution) was added to each well. The 
reaction in each well was started by the addition of a 
cocktail (130 ul ) composed of 28 ul of human Glu-plas- 
minogen (5.3/iM); 10 ul of plasminogen-free human 
fibrinogen (10 fiM); 30 u.1 of 3 mM S-2251 (KabiVi- 25 
trum); and 62 ul of PBS. Color development was moni- 
tored at 405 nm, and the absorbance at the reference 
wavelength of 492 nm was subtracted from each time 
point. The slope of the absorbance versus time squared 
curve was determined for each standard and variant 30 
sample. A standard curve was prepared by plotting the 



slope of the absorbance versus time squared curve as a 
function of rt-PA concentration for the rt-PA stan- 
dards. The determination of the relative specific activ- 
ity for the variants was as described for the S-2288 
assay. 

2. Fibrinogen-Stimulated S-2251 Assay 

This assay was performed as described for the fibrin- 
stimulated S-225 1 assay except that PBS was substituted 
for the thrombin and no reference wavelength was 
used. 

3. Plasma Clot S-2251 Assay 

The standard curve sample preparation and the con- 
version of one-chain rt-PA to two-chain rt-PA using 
plasmin-Sepharose were as described for the fibrin- 
stimulated S-2251 assay. Human thrombin (10 ul of a 31 
jig/ml solution) was added to each well of the micro- 
titer plate. The standard and variant samples (40 ul) 
were added to the plate and the reaction was started by 
adding 100 ul of a mixture of 90 ul of acid citrate dex- 
trose human plasma and 10 u.1 of 9.1 mM S-2251 
(KabiVitrum). Color development was monitored at 
405 nm and the absorbance at the reference wavelength 
of 492 nm was subtracted from each time point. The 
analysis of the data was as described for the fibrin- 
stimulated S-2251 assay. 

4. Plasma S-2251 Assay 

This assay was performed as described for the plasma 
clot S-2251 assay except that PBS was substituted for 
the thrombin and no reference wavelength was used. 

The results of the S-2288 and S-2251 assays are pro- 
vided in Table II. 

TABLE II 





A 


B C 


D 


E 


F 


G 


H 


1 


ID 


Mutation 








Activity Relative to wt 














rt-PA (where wt is 1.0) 


2 
3 






S-2288 


S-2288 


Unstimulated 


Fibrinogen 


Fibrin 


4 






2 Chain 


1 Chain 


S-2251 


Stimulated 


Stimulated 


5 










2 Chain 


S-2251 


S-2251 


6 












2 Chain 


2 Chain 


7 
8 


1G12317 


N9 


0.76 


0.89 


0.76 


0.69 


0.80 


9 
10 


1Y12318 


N18 


0.73 


0.85 


0.54 


0.69 


0.88 


11 
12 


1G12319 


S39 


0.72 


0.79 


0.32 


0.41 


0.71 


13 
















14 


1Y12320 


N50 


0.78 


0.85 


0.45 


0.51 


0.70 


15 
















16 


1B12321 


S60 


0.71 


0.73 


0.42 


0.22 


0.28 


17 
















18 


B12094 


N67 


1.07 


0.97 


0.50 


0.50 


0.67 


19 
















20 


IW12322 


N96, S98 


0.78 


1.05 


0.73 


0.68 


0.78 


21 
















22 


1R12323 


N103 


0.82 


0.88 


0.40 


0.42 


0.69 


23 
















24 


1G 12324 


N162 


1.29 


1.40 


0.49 


0.72 


1.06 


25 
















26 


1R12325 


N191 


0.90 


1.05 


0.52 


0.68 


0.88 


27 
















28 


1WI2326 


S207 


0.79 


0.89 


0.31 


0.53 


0.81 


29 
















30 


1G12327 


N298 


1.25 


1.39 


0.52 


0.85 


1.87 








I 


J 


K 




L 



Activity Relative to wt 
n-PA (where wt is 1.0) 



Fibrin 
Stimulated 
S-2251 
1 Chain 

0.84 



Plasma 
S-2251 
2 Chain 



0.82 



Plasma Clot 
S-2251 
2 Chain 



0.80 



Plasma Clot 
S-2251 
1 Chain 



0.80 
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9 










10 


0.90 


0.78 


0.88 


0.87 


11 










12 


0.73 


0.67 


0.61 


0.63 


13 










14 


0.77 


0.76 


0.61 


0.67 


15 










16 


0.29 


0.58 


0.19 


0.18 


17 










18 


0.67 


1.36 


0.46 


0.42 


19 










20 


0.82 


0.67 


0.75 


0.74 


21 










22 


0.74 


0.67 


0.60 


0.64 


23 










24 


1.14 


1.25 


0.93 


0.97 


25 










26 


0.92 


0.94 


0.82 


0.85 


27 










28 


0.80 


0.92 


0.77 


0.81 


29 










30 


1.96 


0.62 


1.40 


1.33 



D. Fibrin Binding 

The method for fibrin binding determination em- 
ployed was essentially the same as that used in Example 
I. However, the following exceptions were made due to 
the assay of transiently expressed 293 cell culture super- 
natants. The assay was conducted on sample volumes of 
100 ftl or less, in microliter plates using radiolabeled 
protein samples obtained by the 125 I YPRck method for 
labeling of cell culture supernatants as described below 
under Evaluation of Clearance Rate. The following 
results were obtained for the variants listed below: 

TABLE III 



25 



30 



Variant 



Fibrin Binding Determination 

Fibrin Binding 
(normalized to wild-type t-PA) 



N9 


1.05 


N18 


1.15 


S39 


0.99 


N50 


0.92 


S60 


0.33 


N67 




N96, S98 


1.00 


N103 


0.89 


N162 


0.82 


N191 


1.00 


S207 


1.00 


N298 


1.11 


N387 


ND 
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- E. Purified Clot and Plasma Clot Lysis Assays 
All samples were converted from the one-chain 50 
rt-PA to the two-chain rt-PA form using plasmin- 
Sepharose as described for the fibrin-stimulated S-225 1 
assay above. The purified clot lysis assay -was per- 
formed essentially as described by Carlsen et al., supra, 



but in microtiter plates. The plasma clot lysis assay was 
performed as follows: 10 fil of 0.15 M calcium chloride 
was added to microtiter plate wells. Each well then 
received 90 u1 of centrifuged and 0.45-micron-fdtered 
human citrated plasma pool. The contents were thor- 
oughly mixed so as to create the plasma clot. Standard 
(Activase ®t-PA) and samples were diluted in assay 
buffer (0.1 M NaCl, 0.03 M sodium bicarbonate— added 
on the day of the experiment, 4 mM KC1, 1 mM calcium 
chloride, ! mM dibasic sodium phosphate, 0.3 mM mag- 
nesium chloride, 0.4 mM magnesium sulfate, 20 mM 
HEPES [4-(2-hydroxyethyl>-l-piperazineethane sul- 
fonic acid], and 0.01% Polysorbate 80, pH 7.4) to a 
concentration of twice their final value (18-800 ng/ml). 
Individual standards or samples were then mixed with 
an equal volume of the same plasma pool. A total of 100 
/zl of the mixture was layered over the plasma clot after 
the clot had been allowed to sit at ambient temperature 
for 6-8 hours. Optical density at 405 run was then read 
for the whole plate. The plate was then incubated at 37* 
C. for about 15 hours. The optical density measurement 
was repeated. For each well, an optical density differ- 
ence from time of 15 hours to time of 0 hours was ob- 
tained by subtraction. For the standards, the optical 
density difference was plotted as a function of the log of 
the concentration of the standard. Unknowns were 
interpolated from the standard curve. Normalization 
was to identically treated wild-type controls. Standard 
curves were determined using a four-parameter fit pro- 
gram. The plate reader employed was from SLT- 
Laboratories, Model EAR340AT (Austria). 
The results are shown in Table IV. 



TABLE IV 




A 


B 


C 


D E F 


I 


ID 


MUTATION 


RELATIVE ACTIVITY TO WT RT-TP A '(WHERE WT IS 1.0) 


2 






purified 




3 
4 






clot lysis 


plasma clot lysis 


5 


1G12317 


N9 


0.69 


0.8 


6 
7 


1Y12318 


N18 


0.65 


0.85 


8 
9 


1GI23I9 


S39 


0.52 


0.47 


10 










11 


1Y12320 


N50 


0.62 


0.54 


12 










13 


1B12321 


S60 


0.24 


0 



14 
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TABLE IV-continued 



15 


B I 2094 


N67 


0.76 


U.xt> 


16 








0.81 


17 


I W 12322 


N96. S98 


0.73 


18 








0.69 


19 


IRI2323 


NI03 


0.57 


20 








0.38 


21 


IG 12324 


N162 


0.93 


22 








0.69 


23 


IR12325 


N191 


0.71 


24 








0.84 


25 


IW12326 


SOT 


0.67 


26 








1.21 


27 


IG12327 


N298 


0.91 


28 











•WT RT-TFA - wild-type recombinant t-PA 

6. Evaluation of Clearance Rate 

The clearance rate of the t-PA glycosylation variants 
was assessed by radiolabeling the protein, injecting it 
into mice, and measuring radioactivity in the blood of 20 
the mice over time. 

The source of the t-PA protein was the culture media 
from cell cultures transfected with DNA encoding the 
desired variants as described above. The protein (in 900 
pi of culture medium) was incubated for 30 minutes 25 
with the suicide substrate YPRck (try-pro-arg- 
chloromethylketone custom synthesized by Bachem, 
Basel, Switzerland) that had been previously iodinated 
using 1251 with chloramine T catalysis of the radioiodi- 
nation. This substrate binds irreversibly to t-PA and the 30 
t-PA therefore becomes radiolabeled. To separate free 
substrate from substrate bound to t-PA, the solution was 
passed over a Sephadex G-25 column, and eluted in a 
solution containing 1 mg/ml gelatin. The eluant was 
about 2,000,000 cpm per fig t-PA. Approximately 35 
100,000 cpm of labeled t-PA in a volume of 100 ^1 was 
injected into each mouse through the tail vein. To de- 
termine the clearance rate of each variant, the mice 
were bled at various times after the injection, and 70 u-1 
of blood was collected. An anti-coagulant was added to 40 
each blood sample immediately. A solution of 20% 
TCA was added to each collected blood sample. The 
amount of TCA precipitable radioactive counts was 
measured in a gamma scintillation counter and used to 
determine the amount of circulating t-PA at that coUec- 45 
tion time. 

Four mice were used for each t-PA variant assayed. 
The mice were divided into two groups, and both mice 
in a group were bled at the time points listed below. The 
data from the two groups were then combined and 
plotted on a graph of time versus cpm in the blood. A 
plot of two of the variants tested, i.e., S60 and N103, as 
well as of wild-type t-PA, is shown in FIG. 11. The area 
under the curve (AUQ for each mouse was computed 
from 1 to 25 minutes by the trapezoid method using the 



AUC procedure. Clearance rate was calculated from 
the formula CL - Dose/AUC. The clearance rates from 
blood of the variants, normalized to that of wild-type 
t-PA (clearance rate of wild-type t-PA divided by clear- 
ance rate of the variant), are presented in Table IV 
below. 
Group I 

Bled at 1, 4, 10, 20, and 30 minutes after injection. 
Group II 

Bled at 2, 7, 15, 25, and 40 minutes after injection. 

TABLE V 



Variant 



Mouse Clearance Values* 

Clearance Rate 
(normalized to wild-type t-PA) 



N9 


1.02 


N18 


1.00 


S39 


0.84 


N50 


0.88 


SW 


0.49 


N67 


0.58 


N96, S98 


0.94 


N103 


0.29 


N162 


1.05 


N191 


1.02 


S207 


1.00 


N298 


1.12 
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The half-life is inversely proportional to the clearance rate value. Thus, smaller 
clearance rate values indicate longer plasma half-life. 

Of the variants tested, N96, S98, S39, N50, S60, N67, 
and N103 had slower clearance rates than native t-PA. 
Thus, these variants fall within the claims. N103 was 
found to have the slowest clearance rate of this group of 
variants. 

EXAMPLE III 

Additional mutants are prepared with the following 
oligonucleotides, where the underlining indicates 
where the codon changes were made: 



Variant 


Domain 


Sequence 


N101 


Kl 


5CCACGTGCCATTGTAGCTGATGCC 


N104 


Kl 


5 CGCTGTGCTATTCGTGCCCCTGTA 


N107 


Kl 


5'GCCACTCTCATTTGTGCTCCACGT 


N112 


Kl 


5'GTTGCTGCAATTGCCGCCACTCTC 


N198 


K2 


5'GCAGG AGGCATTOG ACTCGGTG AG 


A219 


K2 


5'CTGGGCACTGGOGTTCTGTGCTGT 
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-continued 



Variant 


Domain 


Sequence 


N230 


K2 


5'CC ACGTCAG ATTGCGGTTCTTCAG 


N99.SI01 


Kl 


5'CCACGTGCCGGAGTAATTGATGCCCTGGTC 


NI05.S107 


Kl 


5 'GCC ACTCTCGG ATGTATTCC A CGTGCCCCT 


N106.S108 


Kl 


5GGCGCCACTGGACGCATTGCTCCACGTGCC 


N109.SIlt 


Kl 


5 ' GGTGC A CTCGG A GCCA TTCTCCGCTGTGCT 




Kl 


3GCTGATGCCGGAGTCATTGTAGCACGTGGC 


N387 


SP 


5CACGCTGCTA7TCTGGGCACAGCG 
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These variants are prepared and assayed as described 
in Example II. 
We claim: 

1. A fibrinoIyticaUy active human tissue plasminogen 
activator (t-PA) amino acid sequence variant having 
one or more amino acid substitutions which provide an 
Asn-X-Ser or Asn-X-Thr tripeptidyl sequence that 25 
starts at an amino acid position selected from the group 
consisting of amino acid positions 57 to 61, 63 to 69, 99, 
101, 103 to 105, 106, 107, 109, 112 and 250 of the amino 
acid sequence of native human t-PA, wherein X is any 
amino acid except proline, and having N- linked glyco- 30 
sylation attached to the Asn within such tripeptidyl 
sequence. 

2. The variant of claim 1 that is selected from the 
group consisting of variants having (1) a serine at posi- 
tion 60 of the native t-PA, (2) an asparagine at position 35 
of native t-PA, (3) an asparagine at position 99 and a 
serine or threonine at position 101 of the native t-PA, (4) 
an asparagine at position 101 of the native t-PA, (5) an 
asparagine at position 103 of the native t-PA, (6) an 
asparagine at position 104 of the native t-PA, (7) an 40 
asparagine at position 105 and a serine or threonine at 
position 107 of the native t-PA, (8) an asparagine at 
position 106 and a serine or threonine at position 108 of 
the native t-PA, (9) an asparagine at position 107 of the 
native t-PA, (10) an asparagine at position 109 and a 45 
serine or threonine at position 1 1 1 of the native t-PA, 
(11) an asparagine at position 112 of the native t-PA, 
and (12) an asparagine at position 250 of the native 
t-PA. 

3. The variant of claim 2 wherein the variant is se- 
lected from the group consisting of variants having an 
asparagine at either amino acid position 67 or 103, or 
having an asparagine at amino acid position 105 and 
either a serine or threonine at amino acid position 107 of 
the native t-PA. 

4. The variant of claim 1 further comprising the dele- 
tion of amino acids 1-44. 

5. The variant of claim 4 which additionally has at 
least one amino acid at any of amino acid positions 
184-186 substituted with another amino acid such that 60 
glycosylation cannot occur at amino acid position 1 84. 

6. The variant of claim 4 that is rendered resistant to 
enzymatic cleavage by an amino acid substitution at 
position 275 or 277 or both. 

7. The variant of claim 6 in which position 275 is 65 
substituted by glycine or glutamic acid. 

8. The variant of claim 7 in which position 275 is 
substituted by glutamic acid. 
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9. The variant of claim 6 wherein position 277 is 
substituted by an amino acid other than lysine. 

10. The variant of claim 9 in which said amino acid is 
isoleucine. 

11- The variant of claim 1 wherein the variant has an 
additional alteration selected from the group of alter- 
ations consisting of alanine substituted at amino acid 
positions) 267, 283 + 287, 296-299, 303-304, 331-332, 
339 + 342, 347-349 + 351, 364-366, 408, 410, 416-418, 
426-427 + 429-430, 432 + 434, 440, 445 +449, 449 + 453, 
460+ 462, or 477 of the amino acid sequence of native 
human t-PA, where ** + " indicates the substitution of 
alanine only at the positions designated, and the 
indicates the substitution of alanine at the positions 
designated and all positions therebetween. 

12. The variant of claim 1 selected from the group 
consisting of des 1-44N67E275 t-PA t des 1^WN67D1- 
84E275 t-PA, des 1-44N67S184E275 t-PA, des 
1 -44N67K2 1 3E275 t-PA, des 1-44N67R2- 
10A211R212R213E275 t-PA, des 1-44N67R252E275 
t-PA, des 1^4N67K210E275 t-PA, des 1^4N67E27- 
51277 t-PA, des 1^4N67D184E275I277 t-PA, des 
1-44N67S184E275I277 t-PA, des 1-44N67K213E27- 
51277 t-PA, des 1-44N67R210A21 1R212R213E275I277 
t-PA, des 1-44N67R252E275I277 t-PA, des 
1^4N67K210E275I277 t-PA, N67A267 t-PA, 
N67A283A287 t-PA, N67A296A297AA298A299 t-PA, 
N67A303A304 t-PA, N67A331A332 t-PA, N67A33- 
9A342 t-PA, N67A347A348A349A351 t-PA, N67A36- 
4A365A366 t-PA, N67A408 t-PA, N67A410 t-PA, 
N67A416A417A4I8 t-PA, N67A426A427A429A430 
t-PA, N67A432A434 t-PA, N67A440 t-PA, N67A44- 
5 A449 t-PA, N67A449A453 t-PA, N67A460A462 t-PA, 
N67A477 t-PA, N67N103 t-PA, N60N103 t-PA, 
N60N67N103 t-PA, des 1-44N103E275 t-PA, des 
1^4N103D184E275 t-PA, des 1-44N103S184E275 
t-PA, des 1-44N103K213E275 t-PA, des 1-44N103R2- 
10A211R212R213E275 t-PA, des 1^4N103R252E275 
t-PA, des 1^*4N103K210E275 t-PA, des 1-44N103E27- 
51277 t-PA, des 1-44N103D184E275I277 t-PA, des 
1-44N103S184E275I277 t-PA, des I-44N103K213E27- 
51277 t-PA, des 1-44N103R210A21 1R212R213E27- 
51277 t-PA, des 1^4N103R252E275O277 t-PA, des 
I^4N103K210E2751277 t-PA, N103A267 t-PA, 
N103A283A287 t-PA, N103A296A297A298A299 t-PA, 
N103A303A304 t-PA, N103A331A332 t-PA, 
N103A339A342 t-PA, N103A347A348A349A351 t-PA, 
N 103A364A365A366 t-PA, N 103A408 t-PA, 
N103A.410 t-PA, N103A416A4I7A418 t-PA, 
N103A426A427A429A430t-PA, N103A432A434 t-PA, 
N103A440 t-PA, N103A445A449 t-PA, NI03A44- 
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9A453 t-PA, N103A460A462 t-PA, and N103A477 
t-PA. 

13. A composition for treating a vascular disease or 
condition comprising a therapeutically effective amount 
of the plasminogen activator variant of claim 1 in ad- 
mixture with a pharmaceutical^ acceptable carrier. 

14. A method of treating a vascular disease or condi- 
tion in a patient comprising administering the composi- 
tion of claim 13 to the patient. 

15. A fibrinolytically active tissue plasminogen acti- 
vator (t-PA) amino acid sequence variant having an 
asparagine at amino acid position 103 of the native 
human t-PA, or having an asparagine at amino acid 
position 105 and a serine or threonine at amino acid 
position 107 of the native human t-PA, as part of the 
Asn-X-Ser or Asn-X-Thr tripeptidyl sequence, wherein 
X is any amino acid except proline. 

16. The t-PA variant of claim 15 having alanine sub- 
stituted at each of amino acid positions 296-299 of the 
native human t-PA. 

17. The t-PA variant of claim 16 which additionally 
has at least one amino acid selected from the group of 
amino acid positions 117-119, 184-186, 218-220, and 
448-450 substituted with another amino acid such that 
glycosylation cannot occur at at least one of amino acid 
positions 117, 184,218, or 448. 

18. The t-PA variant of claim 15 which additionally 
has at least one amino acid selected from the group of 
amino acid positions 117-119, 184-186, 218-220, and 
448-450 substituted with another amino acid such that 
glycosylation cannot occur at at least one of amino acid 
positions 117, 184, 218, or 448. 

19. A fibrinolytically active human tissue plasmino- 
gen activator (t-PA) variant having an asparagine sub- 



stituted at amino acid position 103 of the native human 
t-PA, as part of the Asn-X-Ser or Asn-X-Thr tripeptidyl 
sequence, wherein X is any amino acid except proline. 

20. The t-PA variant of claim 19 having alanine sub- 
5 stituted at each of amino acid positions 296-299 of the 

native human t-PA. 

21. The t-PA variant of claim 20 which additionally 
has at least one amino acid selected from the group of 
amino acid positions 117-119, 184-186, 218-220, and 

10 44g^50 substituted with another amino acid such that 
glycosylation cannot occur at at least one of amino acid 
positions 117, 184, 218, or 448. 

22. A composition for treating a vascular disease or 
condition comprising a therapeutically effective amount 

15 of t-PA variant of claim 21 in admixture with a pharma- 
ceutically acceptable carrier. 

23. A method of treating a vascular disease or condi- 
tion in a patient comprising administering the composi- 

20 tion of claim 22. 

24. The t-PA variant of claim 66 which additionally 
has at least one amino acid selected from the group of 
amino acid positions 117-119, 184-186, 218-220, and 
448-450 substituted with another amino acid such that 

25 glycosylation cannot occur at at least one of amino acid 
positions 117, 184, 218, or 448. 

25. A composition for treating a vascular disease 
condition comprising a therapeutically effective amount 
of t-PA variant of claim 24 in admixture with a phanna- 

30 ceutically acceptable carrier. 

26. A method of treating a vascular disease or condi- 
tion in a patient comprising administering the composi- 
tion of claim 25. * 

***** 
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CERTIFICATE OF CORRECTION 



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 5,385,732 
DATED : January 31, 1995 
INVENTOR(S): Anderson et al. 



It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as 
shown below: 

In claim 1, line 3, insert --67- after "asparagine at position". 

In claim 24, line 1, cancel "claim 66" and replace it with -claim 19-. 



MAILING ADDRESS OF SENDER: 



Ginger R. Dreger 

KNOBBE, MARTENS, OLSON & BEAR, LLP 
620 Newport Center Drive, Sixteenth Floor 
Newport Beach, California 92660-8016 



PATENT NO. 5,385,732 
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EXHIBIT G 



DECLARATION UNDER 
37C.F.R. § 1.740(b) 



GENENT.OOOGEN 



PATENT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant : ANDERSON et al. 

Appl. No. : 08/035,427 

Filed : March 22, 1993 

Patent No. : U. S. 5,385,732 

Issued : January 31, 1995 



Group Art Unit 1812 



For : VARIANTS OF TISSUE 

PLASMINOGEN 
ACTIVATOR, 
COMPOSITIONS AND 
METHOD OF USE FOR SAME 

Examiner : ALLEN, Marianne Porta 



DECLARATION UNDER 37 C.F.R. 1. 140(b) 

Assistant Commissioner for Patents 
Washington, D.C. 20231 
Box Patent Ext. 

Dear Sir: 

I, Ginger R. Dreger declare and say as follows: - 

1. I am an attorney authorized to practice before the United States Patent and 
Trademark Office and have general authority from Genentech, Inc, owner of U. S. Patent No. 
5,385,732 (hereinafter, "the Patent") for which extension is sought to act on its behalf in patent 
matters. 

2. I have reviewed and understand the contents of the application being submitted 
pursuant to 37 C.F.R. § 1.740. 

3. I believe the Patent is subject to extension pursuant to 37 C.F.R. § 1 .710. 



-1- 



Patent No 
Issued 



: U. S. 5,385,732 
: January 31, 1995 



4. I believe an extension of the length claimed is justified under 35 U.S.C. 156 and 
the applicable regulations. 

5. I believe that the Patent for which extension is being sought meets the conditions 
for extension of the term of a patent as set forth in 37 C.F.R. § 1.720. 

6. I further declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the Patent. 



Date: July 28, 2000 




Ginger R. Dreger, Reg. No. 33,055 
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EXHIBIT H 

POWER OF ATTORNEY 



GENENT.OOOGEN 



PATENT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant 
Appl. No. 
Filed 

Patent No. 

Issued 

For 



Examiner 



ANDERSON et al. 

08/035,427 

March 22, 1993 

U. S. Patent No. 5,385,732 

January 31, 1995 

VARIANTS OF TISSUE 

PLASMINOGEN 

ACTIVATOR, 

COMPOSITIONS AND 
METHOD OF USE FOR SAME 

ALLEN, Marianne Porta 



Group Art Unit 1812 



POWER OF ATTORNEY AND GENERAL AUTHORITY FROM ASSIGNEE; 
CERTIFICATE UNDER 37 C.F.R. §3.73 (b) 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 

Genentech, Inc. hereby certifies that it is the owner of the entire right, title and interest in 
U.S. Patent No. 5,385,732, as evidenced by the Assigment recorded on March 30, 1990, at REEL 
5277, FRAME 0157. 

The undersigned (whose title is supplied below) is empowered to act on behalf of 
Genentech, Inc. 

The undersigned has reviewed all of the documents in the chain of title of U.S. Patent No. 
5,385,732 and, to the best of the undersigned's knowledge and belief, title is in Genentech, Inc. 



Patent No : U. S. 5,385,732 

Issued : January 31, 1995 



Genentech, Inc. hereby appoints Ginger R. Dreger (Registration No. 33,055), registered to 
practice before the U. S. Patent and Trademark Office, as its attorney with full power of 
substitution and revocation to transact all business in the U. S. Patent and Trademark Office in 
connection with U. S. Patent No. 5,385,732, including, but not limited to, filing for patent term 
extensions under 35 U.S.C. § 156. Genentech, Inc. requests that all correspondence and 
telephone communications be directed to the following person at the mailing address and 
telephone numbers hereinafter given: 

Ginger R. Dreger 
Registration No. 33,055 
Attorney of Record 
620 Newport Center Drive 
Sixteenth Floor 
Newport Beach, CA 92660 
Telephone: (415)954-4114 
Direct line: (415)217-8381 
Facsimile: (415)954-4111 
E-mail: gdreger@kmob.com 

Genentech, Inc. gives general authority to Ginger R. Dreger to act on its behalf in patent 
matters. This includes the authority to make the Declaration referred to in 37 C.F.R. § 1.740(b). 



Executed this the 27 tk day of July 2000. 



By: A^^u- ^S$v**!3£j&<u - 

Name: Sean A. Johnston 

Title: Vice President - Intellectual Property 
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072700 



Knobbe Martens Hson 8 Bear llp 

Intellectual Property Law San Francisco GA 94111 

Tel 415-9544114 
Fax415-95U111 
www.kmob.com 



Ginger R.Dreger 
Direct line: 415-217-8381 
E-mail: gdregei@kmob.com 



August 24, 2001 



Assistant Commissioner for Patents 
Washington, D.C. 20231 
Box Patent Ext. 
Attention : 
Karin Tyson 
Senior Legal Advisor 
Office of Patent Legal Administration 
Office of the Deputy Commissioner 
for Patent Examination Policy 

Re: Patent Term Extension of U.S. Patent No. 5,385,732. 

Dear Ms. Tyson: 

As indicated in section (8) of the application for patent term extension filed on July 31, 
2000, in the course of preparing the application, applicant has discovered certain errors in the 
claims of U.S. Patent No. 5,385,732. Applicant filed a Request for Certificate of Correction on 
July 28, 2000 to correct these errors. To complete the record of the application for patent term 
extension, enclosed is a copy of the Certificate of Correction issued on August 21, 2001. 

Based on your letter of August 2, 2001, we understand that the application has been 
forwarded to the FDA for determination of the applicable regulatory review period, and look 
forward to an early grant of the requested patent term extension. 

Respectfully submitted, 
Ginger R. Dreger 

Enclosure 

W:\D0CS\GRD\GRD-6297.DOC 
082401 



RECEIVED 

Sir u 6 2001 

OFFICE OF PETITIONS 
DEPUTY A/C PATENTS 



Newport Beach 
949-760-0404 



San Diego 
619-2354550 



Los Angeles 
310-551-3450 



Riverside 
909-781-9231 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. 
DATED 



: 5,385,732 

: January 31, 1995 



Page 1 of 1 



INVENTOR(S) : Anderson et al. 



It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Claim 1 , 

Line 3, insert ~ 67 - after "asparagine at position". 
Claim 24 , 

Line 1 , cancel "claim 66" and replace it with — claim 19 -. 




Twenty-first Day of August, 2001 



Signed and Sealed this 



Attest: 




RECE VED 

SEP 0 it 2001 



NICHOLAS P. GODICI 



Attesting Officer 



Acting Director of the United States Patent and Trademark Office 
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